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* MOS RAM 
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QUICK REFERENCE GUIDE 


« Cache Static RAM and Fast SRAM Modules 
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+ FIFO Memory 
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The package codes apply to the material as follows: 

DP _ Dual In-line Package—Piastic 

DG Dual In-line Package—Ceramic 

FP Flat Package/SOP (Dual = 2-sided; Quad. = 4-sided)—Plastic 
FG Flat Package—Ceramic 

TFP Thin SOP—Plastic 

CG _ Chip Carrier (4-sided) Ceramic 

CP J-lead Package (SOU = 2-sided; PLCC = 4-sided)—Plastic 
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Mi PACKAGE INFORMATION 


¢ Dual-in-line Plastic 


¢ DP-20N 
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PACKAGE INFORMATION 


e Dual-in-line Plastic Unit: mm (inch) Scale 1/1 








¢ DP-28N ¢ DP-28NA 


36.0(1.417) 
37.32max.(1.470maz.) 
‘ 















36.0(1.417) 


37.32meax.(t.470max.} 
A 














(0. 287max) 


| 6.60 | 

: (0.260) 
T.Jmax. 

(0.287max.) 


130(0.051) 












(6.100mm.) {6.200ma2.) 
(0.100me,) (8.200max.} 


254m, 5.08max. 


(0.02000) ] ' 
2Sdeue. 5.08maz. 








0.48+0.1 2.544£0.25 


. 048640) 2.54+0.25 
(0.019 + 0.004) (0.100 + 0.010) 





(0.019+0.004) (0.100 + 0.040) 





¢ DP-32 









41.9(1.650) 


32 42.5max.(1.673max.) 7 





13.4(0.528) 
13.7max.(0.539max.) 






1.2 


(0.047) ¢ E Z 
x 

ini S4ES 

Sis 88 

ws 

















2.54+0.25 
(0.100 + 0.010) 





(0.019 + 0.004) 





2.54min. 
(0.100min.) 





Applicable iCs 
DP-20N HM6268P Series, HM6268LP Series, HM6267P Series, HM6267LP Series 
DP-22N HM6287P Series, HM6287LP Series 
DP-22NB HM6288P Series, HM6288LP Series, HM6788P Series, HM6788HP Series, HM6788HAP Series, 
HM6287HP Series, HM6287HLP Series, HM6787P Series, HM6787HP Series, HM6787HAP Series, 
HM6787HAJP Series 


DP-24NC HM6789P Series, HM6789HP Series, HM6789HAP Series, HM6208HP Series, HM6208HLP Series, 
HM6708AP Series, HM6207HP Series, HM6207HLP Series, HM6707AP Series 


DP-28 HM6264AP Series, HM6264ALP Series, HM6264ALP-L Series, HM62256P Series, HM62256LP Series, 
HM62256LP-L Series, HM65256BP Series, HM65256BLP Series, HM62256AP Series, HM62256ALP Series, 
HM62256ALP-SL Series 


DP-28C HM624256P Series, HM624256LP Series, HM624256AP Series, HM624256ALP Series, HM621I00AP Series, 
HM621100ALP Series 
DP-28N HM6264ASP Series, HM6264ALSP Series, HM6264ALSP-L Series, HM6709AP Series 


DP-28NA HM62832HP Series, HM62832UHP Series, HM67832SHP Series, HM63921P Series, HM63941P Series, 
HM62256ASP Series, HM62256ALSP Series, HM62256ALSP-SL Series 


DP-32 HM658128ALP Series, HM658128ALP-L Series, HM658128ADP Series, HM658128DP Series, 
HM658128LP Series, HM658512LP Series, HM658512P Series, HM628128P Series, HM628128LP Series, 
HM628128LP-SL Series, HM628512P Series, HM628512LP Series, HM628512LP-L Series 
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PACKAGE INFORMATION 
e CERDIP Unit: mm (inch) Scale 1/1 


¢ DG-22N | ° DG-24V 


27.18(1.070) 


2.8min.- 5. 8dman, 
(0.110min.) (0.230max.) 


0.48 +0.! 2.54+0.25 
(0.019+0.004) (0.100 + 0.010) 


¢ DG-28N 


34.71(1.367) 


10.16(0.400) 


2 dmin. 5.30max 
(0.1 10min.) (0.209maz.) 





Applicable ICs 
DG-22N HM 10490 Series, HM101490 Series 
DG-24V HM 10500 Series, HM 100500 Series 
DG-28N HM 10494 Series, HM 100494 Series, HM 101494 Series 
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Package Information 


e Flat Package Unit: mm (inch) Scale 114 


° FP-28D 


18.3(0.72) 


18.75max(0.75max) 
sd ec en 





(0.46540.012 


¢ FP-28DA 


18.3(0.72) 
18.75max(0.75max) 


0.007+0.003) 


(0.05+0.004) 
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Package Information 


e Flat Package Unit: mm (inch) Scale 114 


¢ FP-32D 
20.45(0.805 ) 


| 20.95max(0.825max) | 
32), oonooononn ong! 7 


(0.46 Imax) 


ro 
99 
.? 
a 
Oo 
i} 
s 


- 37 
ok 


5.1478 


13.6078 -23 


_24.7Amax 


+O.12 
-O.13 


i 
| 0,230.04 


1.02 
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Package Information 





e Flat Package Unit: mm (inch) Scale 114 


¢ FG-28D 


max) 


27.94min(1.4min) 
pis. 2mant0. 49 


nN 
a 








yw! 


1.27(0.050) 


¢ TFP-32DA 


7 


ie 
Ol _ 
2 i+ 
gI2 
Qa 
2° 
oc 
q | szacoans 
S 


+0.002) 


0. 
(0.00840 


04) 0~5° 


+0.1,]| ; 

E (0.020%0.004)) 

14 +0.2 | 
(0.55140.008) 


0.15+0.05 


(0.006 
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Package Information 
e Flat Package Unit: mm (inch) Scale 114 


e FG-28DA 


12/9279: 28 


5.5773: 25 


24.7420.13 
13.6078 :35 


Ly) 
aot 
900 
+1 
N 
oO 
_ 


0;1973'32 


e FG-28DB 


16.26*6:37 


10.8978-23 6.60520. 255 


24.1673-29 


1.0278-22 
ie deer 
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Package Information 





¢ Flat Package Unit: mm (inch) Scale 114 


e FG-32D 


16.59 max 
16.13 min 





& 
E 
wo 
S 
ise) 
nu 


11.10 max 


10.80 min 


0.15 + 0.05 
0 


0.5 
Reference point 





Applicable ICs 


FP-28D HM6264AFP Series, HM6264ALFP Series, HM6264ALFP-L Series 





FP-28DA HM6264AFP Series, HM6264ALFP Series, HM6264ALFP-L Series, HM62256FP-T Series, 
HM62256LFP-T Series, HM62256LFP-SLT Series, HM65256BFP-T Series, HM65256BLFP-T Series, 
HM62256AFP-T Series, HM62256ALFP-T Series, HM62256ALFP-SLT Series 


FP-32D HM628128FP Series, HM628128LFP Series, HM658128DFP Series, HM658128LFP Series, 
HM658512LFP Series, HM658512DFP Series, HM65256BFP-T Series, HM65256BLFP-T Series, « 
HM62256AFP-T Series, HM62256ALFP-T Series, HM62256ALFP-SLT Series, HM628128LFP-SL Series, 
HM628512FP Series, HM628512LFP Series, HM628512LFP-SL Series, HM658128ALFP Series, 
HM658128ALFP-L Series, HM658128ADFP Series 


FG-24A HM 100500F Series, HM 10I500F Series 

FG-28D HM 10494F Series, HM100494F Series, HM101494F Series 

TFP-32DA HM628128T Series, HM628128LT Series, HM62256A Series, HM62256AL Series 
FG-28DA HM 101510F Series, HM100510F Series 

FPG-28DB HM 100504F Series 


FG-32D HM 100514F Series, HM 101514F Series 
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PACKAGE INFORMATION 


¢ TSOP Packages Unit: mm (inch) Scale 114 


¢ TFP-32D 8.0(0.315) ° TFP-32DA 


c~ 
1 
H 


8.0(0.315) 


+} 


on 
x 
i 
~ 
J 
z= 
S 
zs 
: 
2 
~ 


ly "16 
| (0.50(0.020' 
0. 2040.10 Ty 
(0.00820, 004) 1210-08 (0..003) 
i ez 0.10(0.004)] 


J 
~ 





Applicable ICs 






TFP-32D HM628128LT Series, HM628128LR Series 







HM62256ALT Series, HM62256ALT-SL Series, HM658128ALT-L Series, HM658128ALT Series, 
HM658128ADT Series 


TFP-32DA 





e Leadless Chip Carrier Unit: mm (inch) Scale 114 
¢ CG-28B 
Applicable ICs 
HM 100500CG Series, 
15.35max CG-28B | 11M 101500CG Series 


(0.604max 


ry O00 oF 


| 4.27 typ 
(0.050typ) 
11.4320.2 


(0.450£0.008) 


2.20typ 
(0.087typ) 





Unit: mm (inch) Scale 114 


e CP-24D e CP-28D 
15.63(0.615) 
18.17(0.715 


10.1620.13 
(0.4020.005 
11.1840.13 


0,74(0,029, 


3,540.26 
(0.13820.010) 


(0.266+8:84) 
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PACKAGE INFORMATION 


e Flat Package (J-bend Leads) Unit: mm (inch) Scale 114 


e CP-28DN e CP-32D 
18,17(0,715) 


“F8.54maxl0.730max) _ 
28 15) 


(0.33540.005) 


20.71(0.815) 
21.08max(0.830max) 
17 





(0.300%0.005} 
8.6440.13 


10.16£0.13 


1 yi 
| Lorat0.025) 


a i€ aes IAT EE, cs q Y 
S oRta nee ss 9.2581 0,430.10 [ [it.27%0. ont 
1.27(0.050)] = 01756. (0.3720.010) 


(¢ 13846.010) 
(0.138£0.010) 


0.63min 
{0.025min) 





(0.091*8:932) 


0.63min 
|j (0.025min) 


(0.26628.338 


« CP-32DN 0.71 


21.08max 


oo 

rn 

Fy 
13 


62 +0.13 
51+0.1 


E 


20.07 + 012 


17.5340.12(0.69020.005, 


18.04=05 


=! 


{6.753} _9.75(0.030) 
0.101081? 0.800) 


Gs. -00) 


{SEATING PLANE) 


~~" e710+ 0.020) 


44202 
2.58 20.15 


(0 173 = 0.008)“ 
i 





Applicable ICs 


CP-24D HM6288JP Series, HM6288LJP Sseries, HM6289JP Series, HM6289LJP Series, HM6789JP Series, 
HM6789HJP Series, HM6789HAJP Series, HM6287HIJP Series, HM6287HLIP Series, 
HM6787H3JP Series, HM6287HAJP Series, HM6208HJP Series, HM6208HLIP Series, 
HM6708AJP Series, HM6207HJP Series, HM6207HLJP Series, HM6207AJP Series 


CP-28D HM624256JP Series, HM624256LJP Series, HM624256AJP Series, HM624256ALJP Series, 
HM621i00AJP Series, HM621H00ALJP Series 


CP-28DN HM62832HJP Series, HM62832UHJP Series, HM62832SHIJP Series, HM6709AJP Series 


CP-32D HM624257JP Series, HM624257LJP Series, HM101504JP Series, HM62A8128JP Series, HM62A9128JP Series 
HM624100JP Series, HM624100JLP Series, HM621400JP Series, HM621400JLP Series 


CP-32DN HM62932JP Series, HM62932LJP Series, HM62D9323P Series, HM62D932LJP Series 
CP-44 HM62A932CP Series 
CP-52 HM62A 168CP Series, HM62A 188CP Series, HM62A2016CP Series 
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Mi RELIABILITY OF HITACHI IC MEMORIES 


RELIABILITY CHARACTERISTICS FOR 
SEMICONDUCTOR DEVICES 
Hitachi semiconductor devices are designed, 
manufactured and inspected so as to achieve a 
high level of reliability. Accordingly, system relia- 
bility can be improved by combining highly reli- 
able components along with proper environmen- 
tal conditions. It is important to examine 
semiconductor device characteristics in light of 
their reliability. 

e Semiconductor devices are essentially struc- 
ture sensitive as seen in surface phenomenon. 
Fabricating the device requires precise control 
of a large number of process steps. 

e Device reliability is partly governed by elec- 
trode materials and package materials, as well 
as by the coordination of these materials with 
the device materials. 

e Devices employ thin-film and fine-processing 
techniques for metallization and bonding. Fine 
materials and thin film surfaces sometimes ex- 
hibit physically different characteristics from 
the bulks. 

e Semiconductor device technology advances 
drastically: Many new devices have been de- 
veloped using new processes over a short per- 
iod of time. Thus, conventional device reliabil- 
ity data cannot be used in some cases. 

e Semiconductor devices are characterized by 
volume production. Therefore, variations 
should be an important consideration. 

e Initial and accidental failures are only consid- 
ered to be semiconductor device failures 
based on the fact that semiconductor devices 
are essentially operable semipermanently. 
However, wear failures caused by worn materi- 
als and migration should also be reviewed 
when electrode and package materials are not 
suited for particular environmental conditions. 

¢ Component reliability may depend on device 
mounting, conditions for use, and environ- 
ment. Device reliability is affected by such fac- 
tors as voltage, electric field strength, current 
density, temperature, humidity, gas, dust, 
mechanical stress, vibration, mechanical 
shock, and radiation magnetic field strength. 






Initial failure region 
: Declining failure rates (m<1) 


Wearout failure region 
: Rising failure rates (m>1) 







Reduced failure rate 
by maintenance 






Speicfied failure rate 


wee ee we ee ne yf her - - 


m : Weibull distribution 
form parameter 


Failure rate Aw 


Random failure region 
: Constant failure rates (m= 1) 





Time (t) 


Figure 1 Typical failure rate curve 


Device reliability is generally represented by the 
failure rate. ‘Failure’ means that a device loses its 
function, including intermittent degradation as 
well as complete destruction. 

Generally, the failure rate of electric components 
and equipment is represented by the bathtub 
curve shown in Figure 1. For semiconductor de- 
vices, the configuration parameter of the Weibull 
distribution is smaller than 1, which means an 
initial failure type. Such devices ensure a long 
lifetime unless extreme environmental stress is 
applied. Therefore, initial and accidental failures 
can become a problem for semiconductor de- 
vices. Semiconductor device reliability can be 
physically represented as well as statistically. 
Both aspects of failures have been thoroughly an- 
alyzed to establish a high level of reliability. 


SEMICONDUCTOR FAILURE TYPES AND 
THEIR MECHANISM 

Semiconductor device failures are categorized as 
disconnection, short-circuit, deterioration and 
miscellaneous failures. These are summarized in 
Table 1. Typical failure mechanisms are: 


Surface Deterioration 

The pn junction has a charge density of 1014- 
1020/cm3. If charges exceeding the above den- 
sity are accumulated on the pn junction surface, 
particularly adjacent to a depletion layer, electric 
characteristics of the junction tend to be easily 
varied. Although the surface of such devices as 
planar transistors is generally covered with a 
SiO¢9 film and is in an inactive state, the possibility 
of deterioration caused by surface channels still 
exists. Surface deterioration depends heavily on 
applied temperature and voltage and is often han- 
died by the reaction model. 
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Reliability of Hitachi IC Memories 


Table 1 Failure Modes, Mechanisms and Related Causes 


Failure modes 


Withstanding voltage 
reduced, Short, Leak 
current increased, hpp 
degraded, Threshold 
voltage variation, Noise 


Open, Short, Resistance 
increased 


Open, Short 
Resistance increased 


Open, Short 


Withstanding voltage 
reduced, Short 


Open, Short, Unstable 
operation, Thermal 
resistance increased 


Short, Leak current 
Increased, Open, 


Corrosion disconnection, 
Soldering failure 


Short, Leak current 
increased 


Short, Open, Fusing 


Soft error 


Leak current increased 
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Failure mechanisms 


Pin hole, Crack, Uneven 
thickness, Contamination, 
Surface inversion, Hot 
carrier injected 


Flaw, Void, Mechanical 
damage, 


Break due to uneven 
surface, Non-ohmic 
contact, Insufficient 
adhesion strength, 
Improver thickness, 
Electromigration, 
Corrosion 


Bonding runout, 
Compounds between 
metals, Bonding position 
mismatch, Bonding 
damaged 


Disconnection, 
Sagging, Short 


Crystal defect, 
Crystallized impurity, 
Photo resist mismatching 


Peeling, chip, Crack 


Integrity, 

moisture ingress, 
Impurity gas, High 
temperature, Surface 
contamination, Lead rust, 
Lead bend, break 


Dirt, Conducting foreign 
matter, Organic carbide 


Electron destroyed 


Electron hole generated 


© HITAC 


Failure related causes 


Passivation 


Metallization 


Connection 


Diffusion, 
Junction 


Die bonding 


Package sealing 





Foreign matter 


Input/output pin 





Disturbance 


Hi 


Surface oxide film, 
Insulating film between 
wires 


Interconnection, 
Contact, Through hole 





Wire bonding, 
Ball bonding 


Internal connection 


Junction diffusion, 
Isolation 


Connection between die 
and package 


Packaging, Hermetic 
Seal, Lead plating, 
Hermetic package & 
plastic package, Filler 
gas 


Foreign matter in 
package 
Electrostatistics, 
Excessive Voltage, 
Surge 


a particle 


High electric field 
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Reliability of Hitachi IC Memories 


One example is surface deterioration caused by 
hot carriers. Hot carriers are generated when 
such devices as MOS dynamic RAMs are oper- 
ated at a voltage near the minimum breakdown 
voltage (BVps) by raising internal voltage and 
when a strong electric field is established near the 
MOS device’s drain resulting from reduced de- 
vice geometry from 2 um to 0.8 nm. Generated hot 
carriers may affect surface boundary characteris- 
tics on a part of the gate oxide film, resulting in 
degradation of threshold voltage (Vt) and 
counter conductance (gm). Hitachi devices em- 
ploy improved design and process techniques to 
prevent these problems. However, as processes 
becomes finer, surface deterioration may possi- 
bly become a serious problem. 


Electrode-Related Failures 

Electrode-related failures have become increas- 
ingly important as multi-layer wiring has become 
more complicated. Noticeable failures include 
electromigration and Al wiring corrosion in plastic 
sealed packages. 


ELECTROMIGRATION 

This is a phenomenon in which metal atoms are 
moved by a large current of about 106 A/cm2 sup- 
plied to the metal. When ionized atoms collide 
with the current of scattering electrons, an ‘elec- 
tron wind’ is produced. This wind moves the metal 
atoms in the opposite direction from the current 
flow, which generates voids at a negative elec- 
trode, and hillock and whiskers at an opposite 
one. The generated voids increase wiring resist- 
ance and cause excessive currents to flow in 
some areas, leading to disconnection. The gener- 
ated whiskers may cause shortcircuits in multi- 
metal line. 


MULTI-METAL LINE RELATED FAILURES 
Major failures associated with multi-metal line in- 
clude increased leak currents, shortcircuits 
caused by a failed dielectric interlayer, and in- 
creased contact metal resistance and disconnec- 
tion between metal wirings. 


AL LINE CORROSION AND DISCONNECTION 
When plastic encapsulated devices are sub- 
jected to high-temperatures, high-humidity or a 
bias-applied condition, Al electrodes in devices 
can cause corrosion or disconnection (Figure 2). 
Under high-temperature and high-humidity, cor- 
rosion is randomly generated over the element 
surface. However, after an extended period of 
time, the corrosion has not significantly in- 
creased. Accordingly, this failure is possibly due 








Moiture Resistance Test 


: High Temp and 
High Temp and Hi sane 

‘ fe igh Himidity 
High Humidity and Bias 






Intergranular 


Pit Corrosions : 
Corrosions 


Pit Corrosions 
Figure 2 Categorized Al corrosion mode 


to an initial failure associated with manufacturing. 
It is also verified that this type of failure can be 
generated when the adhesion surface between 
an element and resin is separated or when foreign 
materials are attached to the element with human 
saliva. Under a bias-applied, high-temperature, 
high-humidity condition, corrosion is generated in 
higher potential areas while in lower potential 
areas, grain corrosion occurs. Once this failure 
occurs in part of a device, the device can become 
worn out in a relatively short time. This failure 
proves to depend on the hydroscopic volume re- 
sistivity of sealed resin. The Al line corrosion 
mechanism described above is summarized in 
Figure 3. 


Melting 
Corrosive Impurity 


Moisture 


Penetration Mechanism 










Moisture 
Penetration 


Moisture Penetrat- 


Impurity 
es Resin Bulk in Resin 
Adhesion Surface Chip & Lead 
Sepate Contamination 


Passivation Film 









Melting Corrosive 


Impurity in Moisture 


Chip-resin 
Separated 








Corrosive 
Water film 


y 
Al Electrode 
Exposed 









Chip-resin 

Boundary Stress 
Chip-resin Boundary 
Separate 


Figure 3 Plastic package cross section and Al corrosion 
mechanism 
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Bonding Related Failures 

DEGRADATION CAUSED BY INTERMETALLIC 
FORMATION 

Bonding strength degradation and contact resist- 
ance increase are caused by compounds formed 
in connections between Au wire and Al film. This 
is the most serious problem in terms of reliability. 
The compounds are formed rapidly during bond- 
ing and are increased through thermal treatment. 
Consequently, Hitachi products are subjected to 
a lower-temperature, shorter-period bonding 
whenever possible. 


WIRE CREEP 

Wire creep is wire neck destruction in an Au ball 
along an intergranular system occurring when a 
plastic sealed device is subjected to a long-term 
thermal cycling test. This failure results from in- 
creased crystal grains due to heat application 
when forming a ball at the top of an Au wire, or 
from an impurity introducing to the intergranular 
system. Bonding under usual conditions with no 
loop configuration failures does not cause this 
failure unless a severe long-term thermal cycling 
test is applied. Accordingly, wire creep is not a 
problem in actual usage. 


CHIP CRACK 

With the increase in chip size associated with the 
increased number of incorporated functions, 
more problems can occur during assembly, such 
as chip cracks during bonding. Bonding methods 
include Au-silicon eutectic, soldering and Ag- 
paste. Soldering and Ag-paste exhibit few chip 
crack problems. For Au-silicon eutectic, in con- 
trast, large stress is applied to a pellet due to its 
strength and high temperature resistance for at- 
tachment, which may result in critical chip de- 
fects. Today, the chip destruction limit can be de- 
termined by finite-element analysis and by 
distortion measurement using a fine accuracy 
gauge. Ideally, Au-silicon eutectic should be 
evenly applied over the entire surface. However, 
this is difficult due to the existence of a silicon 
oxide film on the silicon back surface. Therefore, 
specifications for Au-silicon eutectic have been 
established based on stress analysis and thermal 
cycling test results. 


REDUCED MAXIMUM POWER DISSIPATIONS 
Heat fatigue due to thermal expansion coefficient 
mismatch among different materials deteriorates 
thermal resistance, resulting in decreased maxi- 
mum power dissipations. . 


Reliability of Hitachi IC Memories 


Sealing Related Failures 

Hermetically sealed packages, including metal, 

glass, ceramic, and all other types, have the pos- 

sibility of the following failures. 

1. Al line corrosion on the chip surface due to 
slight moisture and reaction between the dif- 
ferent ionized materials. 

2. Intermittent moving foreign metals short. 

3. Al line corrosion due to extraneous HoO 
caused by hermetic failure. 

Moving foreign matter, even if it is a non-active 

solid, can be charged up within a cavity during 

movement, thereby inducing parastic effects and 
metal shorts. The foreign matter detection 
method is specified by MIL-STD-883C, PIND 

(Particle Impact Noise Detection) Test. The PIND 

test consists of filtering a particle impact wave- 

form (ultrasonic waveform), detecting it with a mi- 

crophone and then amplifying it. 


Disturbance 

ELECTROSTATIC DISCHARGE 

DESTRUCTION 

Destruction caused by electrostastic discharge is 
a problem common to semiconductor devices. A 
recent report introduced three modes of this fail- 
ure; the human body model, charged device 
model and field induced model. 

The human body is easily charged. A person just 
walking across a carpet can be charged up to’ 
15000 V. This voltage is high enough to destroy a 
device. An equivalent circuit of the human body 
model is shown in Fig. 4. The human body’s ca- 
pacitance Cb and resistance Rb are 100 to 200 pF 
and 1000 to 20000, respectively. Assuming a - 
body is charged with 2000V, the dissipated en- 
ergy is obtained as follows: With a time constant 
of 10-7 sec, the dissipated energy is 2 KW, which 
is enough to destroy a small area of a chip. 


-—-w-—* 


& Rb Rd Re 


ce ~~ Human Body Capacity 

Rb — Human Body Resistance 

Rd — Device Resistance 

Re —— Resistance Between Device and Ground 


E= + Cbv? =0.2x 1075 


Figure 4 Equivalent circuit of human body model 
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In the charged device model, charges are accumu- 
lated in a device, not a human body, and dis- 
charged through contact resistance during a short 
time. The equivalent circuit of this model is shown 
in Fig. 5. Device size and device position relative to 
GND are important parameters in this model since 
the model depends on device capacity. 


In the field induced model, a device is left under a 
strong electric field or is affected by neighboring 
high voltage material. Since the capacitor of de- 
vice or lead of device acts like an antenna, the 
following cases will possibly cause destruction: 
1) adevice is incorporated into a high electric field 
such as a CRT, 2) a device is left under a high- 
frequency electric field and 3) a device is moved 
with a container charged at high voltage, such as 
a tube. 


Yo >. . 
“ 1 
3 


Figure 5 Equivalent circuit of charging mode! 


LATCH-UP 

Latch-up is a problem unique to CMOS devices. 
This problem is a thyristor phenomenon caused 
by a parasitic PNP or NPN transistor formed in the 
CMOS configuration. Latch-up can occur when: 
1) an accidental surge voltage exceeds the maxi- 
mum rating, 2) there is a power supply ripple, 3) 
an unregulated power supply and noise is applied 
or 4) adevice is operated from two sources having 
different set-up voltages. These cases can cause 
input or output current to flow in the opposite di- 
rection from usual flow, which triggers parasitic 
thyristors. This results in excessive current flow- 
ing between a power supply and ground. This 
phenomenon continues until the power is turned 
off or the flowing current reduced to a certain 
level. Once latch-up occurs in an operating de- 
vice, the device will be destroyed. 


Much effort should be made in designing circuits 
to prevent latch-up. Latch-up triggering input or 
output currents start to flow under the following 
conditions: 


V<jnVcc OF Vin< GND for input level 
V>outVoc OF Vout < GND for input level 


Therefore, circuits should be designed so that no 
forward current flows through the input protection 
diodes or output parasitic diodes. 


Soft errors 

When «@ particles are generated from uranium or 
thorium in a package the silicon surface of an LSI 
chip, electron-hole pairs are formed which act as 
noise to data lines and other floating modes, 
causing temporary soft errors. This phenomenon 
is shown in Fig. 6. Only electrons from among the 
electron-hole pairs are only collected to a memory 
cell. As a result, the cell changes from a state of 
1 to 0, which is a soft error. 


Hitachi devices have been subjected to simula- 
tion and irradiation tests to prevent soft errors. In 
some cases, organic material, PIQ, is applied to 
the surface of the device. 





Figure 6 Soft error caused by a particles in dynamic memory 
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FINE GEOMETRY RELATED PROBLEMS 

In response to higher integration requirements for 
memories and microcomputers, LSI geometry 
has been reduced in the way of 3 um > 2 um > 
1.3 um > 0.8 um. 


Table 2 Finer geometry related problems 


Item 





Reliability of Hitachi IC Memories 


The problems associated with finer geometry are 
shown in Table 2. 


Countermeasure 





5V single supply ¢ Breakdown voltage of gate oxide films Oxide film formation process 
voltage ¢ SiO, defects improved 

© Cleaning 

© Gettering 

e Screening 











Horizontal dimension 
reduction ¢ Al reliability reduced 


¢ CMOS latch up 


e Hot carriers 


Vertical & horizontal ¢ Higher breakdown voltage not permitted 
dimension reduction e Electrostatic discharge resistance reduced 


RELIABILITY TEST DATA ON 

Hi-BiCMOS MEMORY 

Hi-BiCMOS memory is newly designed based on 
the latest fine machining technologies which fea- 
tures the low electric consumption/high integrity 
of CMOS and the high speed/high drivability 


© Soft errors by @ particles 


© Mask alignment margin reduced 


Surface passivation film improved 
¢ Metallization improved 

e Design/layout improved 

© Process improved 


Use of low voltage examined 
¢ Configuration improved 
¢ Protection circuits enhanced 


of bipolar. These devices can attain the high 
speed of ECL and the low electric consumption of 
CMOS. Input and output level supports both ECL 
and TTL. Reliability test data with the HM100490- 
15 (64k-words x 1-bit) and the HM6788P-25 (16k- 
words x 4-bits) are listed in Tables 3 and 4. 


Table 3 Results of Hi-BiCMOS Memory Reliability Tests 








HM 100490- 15 (Cerdip) 


High- 
temp. 
storage 


Test item 
Samples ge test Failures potas Test Samples ar test Failures eed 
condition 


2. hs 06 f 
Moisture 
endur- 
ance 


0 foxes 0x 10° Pera 













HM6788P-25 (Plastic) 








Remarks 








Wh * 


4.8x10° foreign 


matter 





CH. 
4.2x 10° 


85°C 85%RH e 


121°C100%RH 


Table 4 Results of Hi-BiCMOS Memory Environmental Tests 


Test item Test condition 


Temperature cycling 
Soldering heat 
Thermal shock 


Variable frequency 100 ~ 200Hz, 20G Three times each 
for X, Y and Z ‘ 
Constant acceleration 20000G, 1 minute, each 
for X, Y and Z 


-55°C ~-150°C 100 cyles 
250°C 10 seconds 


~ 100°C 10 cycles 


| wo | oo =| wo | 

a ae a ee ee 

ie BO TiO sO 
ton X, Y and Z 

RAR aee 


HM100490-15 (Cerdip) HM6788P-25 (Plastic) 
Failure 

180 0 
0 
0 
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RELIABILITY TEST DATA ON MOS MEMORIES 

The reliability test data on the HM62256 (32k-word x 8-bit) and the HM628128 (128K-word x 8-bit) are 
listed in Tables 5 and 6. 

Table 5 Results of MOS Memory Reliability Tests 


HM62256FP (SOP) HM628128FP (SOP) 


Sam- | Total | Fail- | Faure | sam. | Total | Fail- 
ples | test time res mate ples | total time | ures 
(1/hr.) 

*2 


























Failure 
rate* 
(1/hr.) 


Test item Test condition 





Remarks 














u 

High- 125°C/5.5V_ | 3088 | 3.11 x 106 8.88x10"7 11038 |1.04x106 |o _[8.86x10*7 

temperature = [125°c/7V.—1455[4.55x105 [o _[2.02x10* [951 | 5.33x105 [1"! | 3.79x10°6 : 

ulse operation 5 * 5 *6 

pulse op 150°C/7V 1.00x105_[1"!__[2.02x10°5 [80 | 1.60x105 fo __|5.75x10°6 | Fo reiens2 
Moisture 85°C/85% | gq | 6.80105 1.35x10% 127 |2.54x105 3.62 10*6 

endurance RH 7V *2 Leak x 1 

20 


Pressure 


I21°C/00% 399 | 6.40x104 | 1*2 | 3.16x10°5 2.70 x 104 3.41 x 10*5 
cooker RH 


*Confidence level 60% 


Table 6 Results of MOS Memory Environmental Tests 


; me HM62256FP (SOP) HM628128FP (SOP) 

Test item Test condition 
Failure 
Temperature cycling -55°C to 150°C 500 cycles | 4a2—«| 105 0 
Soldering heat 260°C 10 seconds i ee ee eee ee 0 
Thermal shock -65°C to 150°C 15 cycles ee ee ee ee ae 0 
Mechanical shock 1500G. 0.5ms Pee ed 


Variable frequency 100 to 2000 Hz, 20G = ee | 
Constant acceleration 6000G eae 


Figure 7 Time change in access time for Hi-BiCMOS memory 


Example Example of time change in access time for Hi-BI CMOS memory 
HIM 100490 


Test condition Ta= 125°C, Vep=-4.5V 
all bit scanning 
Surface degradation Vee= —4.5V 


: Ta=Pe5T Maximum 
Results: 2 bs owe Marching Pattern } Average 
Access time is stabilized. 


Minimum 


0 500 1,000 j 


Time thr! 
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Figure 8 Time change in Vcc min and tag for Hi-BiCMOS memory 


Example of time change in Vcc min and ta 4 for Hi-Bi CMOS memory 
Device name HM6788P-25 


Ta= 125°C, Voc =-5.0V 
all bit scanning 


Failure criteria Voc =4.5V, tag =25ns 


Failure mechanism | Surface degradation 


Test condition 


Test Condition 


Vec min (v) 


Maximum 
Average 
Minimum 


Results: Vee =5V 
Both of Vcc (min) and ta a are stabilized. 


Ta=25C 
Marching Pattern 
500 1,000 
Time (hr) 





Test Condition 
Same as above 


ae aa ee 


500 1,000 
Time (hr) 





Figure 9 Time change in Vpp min and trac for MOS memory 


Example of time change in Vpp min and trac for MOS 


Example 


HIMSOO0P 


Test condition Ta= 125°C, Vcc =-7V 
all bit scanning 


Failure criteria 


Vpp=4.5V, 
AVpp = 1.0V 


g—___f____§____§ 


Surface degradation 


Results: 7 ag coats Test Condition 

Access time (ta q) is stabilized and is within the Marching pattern 
; ne Ta=25'C 

failure criteria. N=200 pes 


Average 


} Maximum 
Minimum 


500 1,000 
Time (hr) 


Test Condition 
Same as above 


Note: Test accuracy is 0.2V, 2 ns. 


1,000 
Time (hr) 
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Hi QUALITY ASSURANCE OF IC MEMORY 





1. VIEWS ON QUALITY AND 
RELIABILITY 


Hitachi basic views on quality are to meet individual 

users’ purpose and their required quality level and 

also to maintain the satisfied level for general ap- 

plication. Hitachi has made efforts to assure the 

standardized reliability of our IC memories in actual 

usage. To meet users’ requests and to cover expand- 

ing application, Hitachi performs the followings; 

(1) Establish the reliability in design at the stage of 
new product development. 

(2) Establish the quality at all steps in manufactur- 
ing process. 

(3) Intensify the inspection and the assurance of re- 
liability of products. 

(4) Improve the product quality based on market- 
ing data. 

Furthermore, to get higher quality and reliability, 

we cooperate with our research laboratories. 

With the views and methods mentioned above, 

Hitachi makes the best efforts to meet the users’ re- 

quirements. 


2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 


2.1 Reliability Target 

Establishment of reliability target is important in 
manufacturing and marketing as well as function 
and price. It is not practical to determine the re- 
liability target based on the failure rate under single 
common test condition. So, the reliability target is 
determined based on many factors such as each 
characteristics of equipment, reliability target of 
system, derating applied in design, operating condi- 
tion and maintenance. 


2.2 Reliability Design 

Timely study and execution are essential to achieve 

the reliability based on reliability targets. The main 

items are the design standardization, device design 

including process and structural design, design 

review and reliability test. 

(1) Design Standardization 
Design standardization needs establishing design 
rules and standardizing parts, material, and 
process. When design rules are established on 
circuit, cell, and layout design, critical items 
about quality and reliability should be ex- 
amined. Therefore, in using standardized 


process or material, even newly developed prod- 
ucts would have high reliability, with the excep- 
tion of special requirement on function. 
(2) Device Design 
It is important for device design to consider 
total balance of process design, structure 
design, circuit and layout design. Especially in 
case of applying new process or new material, 
we study the technology prior to development 
of the device in detail. 
(3) Reliability Test by Test Site 
Test site is sometimes called Test Pattern. It is 
useful method for evaluating reliability of 
designing and processing ICs with complicated 
functions. 
1. Purposes of Test Site are as follows; 
e Making clear about fundamental failure mode; 
e Analysis of relation between failure mode and 
manufacturing process condition. 
e Analysis of failure mechanism. 
e Establishment of QC point in manufacturing. 
2. Effects of evaluation by Test Site are as follows; 
e Common fundamental failure mode and 
failure mechanism in devices can be evaluated. 
e Factors dominating failure mode can be 
picked up, and compared with the process 
having been experienced in field. 
e Able to analyze relation between failure 
causes and manufacturing factors. 
e Easy to run tests. 


2.3 Design Review 

Design review is a method to confirm systematically 

whether or not design satisfies the performance 

required including by users, follows the specified 

ways, and whether or not the technical items 

accumulated in test data and application data are 

effectively applied. 

In addition, from the standpoint of competition 

with other products, the major purpose of design 

review is to insure quality and reliability of the 

product. In Hitachi, design review is performed 

in designing new products and also in changing 

products. 

The followings are the items to consider at design 

review. 

(1) Describe the products based on specified design 
documents. 

(2) Considering the documents from the standpoint 
of each participant, plan and execute the sub- 
program such as calculation, experiments and 
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investigation if unclear matter is found. 

(3) Determine the contents and methods of reliabil- 
ity test based on design document and drawing. 

(4) Check process ability of manufacturing line to 
achieve design goal. 

(5) Arrange the preparation for production. 

(6) Plan and execute the sub-programs of design 
changes proposed by individual specialists, for 
tests, experiments and calculation to confirm the 
design change. 

(7) Refer to the past failure experiences with 
similar devices, confirm the prevention against 
them, and plan and execute the test program 
for confirmation of them. 

In Hitachi, these study and decision at design review 

are made using the individual check lists according 

to its objects. 


Quality Assurance of IC Memory 


3. QUALITY ASSURANCE SYSTEM OF. 
SEMICONDUCTOR DEVICES 


3.1 Activity of Quality Assurance 

The following items are the general views of overall 

quality assurance in Hitachi; 

(1) Problems is solved in each process so that even 
the potential failure factors will be removed at 
final stage of production. 

(2) Feedback of information is made to insure 
satisfied level of process ability. 

As the result, we assure the reliability. 








Step Contents 


Target = 2 
Specification Design Review 


Characteristics of Material and 


Confirmation of 





tg Materials, Parts Part 
Na ‘arts 
Production Approval Appearance 


Characteristics Approval 


Quality Approval (1) 


Quality Approval (2) 


Mass 
Production 
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Dimension 

Heat Resistance 
Mechanical 
Electrical 
Others 


Electrical 
Characteristics 

Function 

Voltage 

Current 

Temperature 

Others 
Appearance, Dimension 


Reliability Test 
Life Test 
Thermal Stress 
Moisture Resistance 
Mechanical Stress 
Others 


Reliability Test 
Process Check same as 


Quality Approval (1) 


Figure 1 Flow Chart of Qualification 
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Characteristics and 
Reliability of Materials 
and Parts 


Confirmation of Target 
Spec. Mainly about 
Electrical 
Characteristics 


Confirmation of Quality 


and Reliability in Design 


Confirmation of Quality 
and Reliability in Mass 


Production 
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3.2 Qualification 

To assure the quality and reliability, the qualifica- 

tion tests are done at each stage of trial production 

and mass production based on the reliability design 

described in section 2. 

The followings are the views on qualification in 

Hitachi: 

(1) From the standpoint of customers, qualify the 
products objectively by a third party. 


customers. 

(3) Qualify every change in design and work. 

(4) Qualify intensively on parts and materials and 
process. 

(5) Considering the process ability and factor of 
manufacturing fluctuation, establish the control 
points in mass production. 

Considering the views mentioned above, qualifica- 

tion shown in Fig. 1 is done. 


(2) Consider the failure experiences and data from 





Process Quality Control 


Material, Parts 


Inspection of 
Material and Parts 


Method 









Material, 
Parts 


















Inspection on Material and 


Lot Sampling, 
-— Parts for Semiconductor Confirmation of 


Devices Quality Level 


ee 


ieee 
| 
| 
| 
1] Sereenne 
| 
| 
| 


100% Inspection 


Manufacturing Equipment, . . 
Confirmation of 


Environment, Sub-material, ; 
Quality Level 






Worker Control 









Inner Process Lot Sampling, 


Confirmation of 


Quality Level 


et Quality Control 








% ti 
100% Inspection on Testing, 








Appearance and Electrical ; 
Inspection 






(eee ee 
i 
| 








L Characteristics 
Products 
Praducke Sampling Inspection on 
Inspection Appearance and Electrica] oe ea Lot Sampling 


Characteristics 


Confirmation of 


Quality Level, Lot 


Reliability Test 


Samplting 





Receiving 


Po. Ceara ol Feedback of 
| Quality Information. | 5 
| Claim | 
| Field Experience 
| Information | 
I 
SDS ete fehl nee 4 


Figure 2 Flow Chart of Quality Control in Manufacturing Process 
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3.3 Quality and Reliability Control in Mass Produc- 
tion 

To assure quality in mass production, quality is 

controlled functionally by each department, mainly 

by manufacturing department and quality assurance 

department. The total function flow is shown in 

Fig. 2. 


3.3.1 Quality Control on Parts and Materials 
With the tendency toward higher performance and 
higher reliability of devices, quality control of parts 
and materials becomes more important. The items 
such as crystal, lead frame, fine wire for wire bond- 
ing, package and materials required in manufactur- 
ing process like mask pattern and chemicals, are all 
subject to inspection and control. 
Besides qualification of parts and materials stated in 
3.2, quality control of parts and materials is defined 
in incoming inspection. Incoming inspection is per- 
formed based on its purchase specification, drawing 
and mainly sampling test based on MIL-STD-105D. 
The other activities for quality assurance are as 
follows. 
® Table 1. Quality Control Check Points of Parts 
and Material (example) 
Control Items 


Appearance 


Material, 
Parts 





Point for Check 





tion on Surface 
Flatness 
Resistance 
Defect Numbers 


Dimension 
Sheet Resistance 
Defect Density 
Crystal Axis 
Appearance 
Dimension 
Resistoration 
Gradation 


Appearance 





Wafer 












Defect Numbers, Scratch 
Dimension Level 






Mask 







Uniformity of Gradation 
Contamination, Scratch, 













Fine vat 

Wire for ‘ . Bend, Twist 

Wire Dimension 

Bonding Purity Purity Level 
Elongation Ratio | Mechanical Strength 















Appearance Contamination, Scratch 






Dimension Dimension Level 
Processing 

Frame Accuracy 
Plating Bondability, Solderability 
Mounting Heat Resistance 








Characteristics 



















Appearance Contamination, Scratch 
Dimension Dimension Level 
Leak Resistance Airtightness 
Plating Bondability, Solderability 
Ceramic Mounting Heat Resistance 
Package Characteristics 
Electrical 
Characteristics 
Mechanical Mechanical Strength 
Strength 











Characteristics of 
Plastic Material 


Composition 






Electrical 
Characteristics 
Thermal 
Characteristics 
Molding 
Performance 
Mounting 
Characteristics 







Plastic 







Molding Performance 






Mounting Characteristics 











Damage and Contamina. 
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(1) Technology Meeting with Vendors 

(2). Approval and Guidance of Vendors 

(3) Analysis and tests of physical chemistry. 

The typical check points of parts and materials are 
shown in Table 1. 


3.3.2 Inner Process Quality Control 
To control inner process quality is very significant 
for quality assurance of devices. The quality 
control of products in every stage of production is 
explained below. Fig. 3 shows inner process quality 
control. 
(1) Quality Control of Products in Every Stage of 
Production 
Potential failure factors of devices should be re- 
moved in manufacturing process. Therefore, check 
points are set up in each process so as not to move 
the products with failure factors to the next 
process. Especially, for high reliability devices, 
manufacturing lines are rigidly selected in order to 
contro! the quality in process. Additionally we per- 
form rigid check per process or per lot, 100% 
inspection in proper processes so as to remove 
failure factors caused by manufacturing fluctuation, 
and screenings depending on high temperature aging 
or temperature cycling. Contents of controlling 
quality under processing are as follows: 
e Control of conditions of equipment and workers 
and sampling test of uncompleted produsts. 
Proposal and execution of working improvement. 
Education of workers 
Maintenance and improvement of yield 
Picking up of quality problems and execution of 
countermeasures toward them. 
e Communication of quality information. 
(2) Quality Control! of Manufacturing Facilities and 
Measuring Equipment 
Manufacturing facilities have been developed with 
the need of higher devices in performance and the 
automated production. It is also important to de- 
termine quality and reliability. 
In Hitachi, automated manufacturing is promoted 
to avoid manufacturing fluctuation, and the opera- 
tion of high performance equipment is controlled to 
function properly. 
As for maintenance inspection for quality control, 
daily and periodically inspections are performed 
based on specification on every check point. 
As for adjustment and maintenance of measuring 
equipment, the past data and specifications are 
clearly checked to keep and improve quality. 
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(3) Quality Control of Manufacturing Circumst- 


ances and Sub-material. 
Quality and reliability of devices are affected 
especially by manufacturing process. There- 
fore, we thoroughly control the manufacturing 
circumstances such as temperature, humidity, 
dust, and the sub-materials like gas or pure 
water used in manufacturing process. 


Dust control is essential to realize higher in- 
tegration and higher reliability of devices. To 
maintain and improve the clearness of manufac- 
turing site, we take care buildings, facilities, air- 
conditioning system, materials, clothes and 
works, Moreover, we periodically check on 
floating dust in the air, fallen dust or dirtiness 
on floor. 


Process 


Purchase of Material 


Surface Oxidation 


Inspection on Surface 
Oxidation 


Photo Resist 


Inspection on Photo Resist 
© PQC Level Check 


Diffusion 


Inspection on Diffusion 


©PQC Level Check 


Evaporation 


Inspection on Evaporation 
©PQC Level Check 
Wafer Inspection 


Inspection on Chip 
Electrical Characteristics 


Chip Scribe 


Inspection on Chip 
Appearance 


©PQC Lot Judgement 


Assembling 


© PQC Level Check 


Inspection after 
Assembling 


OPQC Lot Judgement 
Sealing 


OPQC Level Check 


Final Electrical Inspection 
Failure Analysis 


Appearance Inspection 


Sampling Inspection on 
Products 


Receiving 


Shipment 


Control Point 


Wafer 


Oxidation 


Photo 
Resist 


Diffusion 


Evapo- 
ration 


Wafer 


Chip 


Assembling 


Sealing 


Marking 


Characteristics, Appearance 


Appearance, Thickness of 
Oxide Film 


Dimension, Appearance 


Diffusion Depth, Sheet 
Resistance 

Gate Width 

Characteristics of Oxide Film 
Breakdown Voltage 


Thickness of Vapor Film, 
Scratch, Contamination 


Thickness, Vrn Characteris- 
tics 
Electrical Characteristics 


Appearance of Chip 


Appearance after Chip 

Bond ing 

Appearance after Wire 
Bonding 

Pull Strength, Compresion 
Width, Shear Strength 
Appearance after Assembling 


Appearance after Sealing 
Outline, Dimension 


Marking Strength 


Analysis of Failures, Failure 
Mode, Mechanism 


Figure 3 Example of Inner Process Quality Control 
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Purpose of Control 


Scratch, Removal! of Crystal 
Defect Wafer 

Assurance of Resistance 
Pinhole, Scratch 


Dimension Level 
Check of Photo Resist 
Diffusion Status 


Control of Basic Parameters 
(Vtu, etc) Cleaness of surface, 
Prior Check of Vin 

Breakdown Voltage Check 
Assurance of Standard 
Thickness 


Prevention of Crack, 
Quality Assurance of Scribe 


Quality Check of Chip 

Bond ing 

Quality Check of Wire 

Bonding 

Prevention of Open and 
hort 


Guarantee of Appearance 
and Dimension 


Feedback of Analysis Infor- 
mation 
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3.3.3 Final Tests and Retiability Assurance The inspection is executed not only to confirm 
(1) Final Tests that the products meet users’ requirement, but 
Lot inspection is done by quality assurance to consider potential factors. Our lot inspec- 
department for the product passed in 100% test tion is based on MIL-STD-105D. 
in final manufacturing process. Though 100% (2) Reliability Assurance Tests 
of passed products is expected, sampling inspec- To assure reliability, the reliability tests are per- 
tion is subjected to prevent mixture of failed formed periodically, and performed on each 
products by mistake. manufacturing Jot if user requires. 





Customer 


Claim 
(Failures, Information) 


Sales Dept. 
Sales Engineering Dept. 
Quality Assurance Dept. Failure Analysis 
: Countermeasure 
Manufacturing Dept. Design Dept. Execution of 
Countermeasure 


Follow-up and Confirmation 
of Countermeasure Execution 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Sales Engineering Dept. 


Figure 4 Process Fiow Chart of Coping with Failure to a Customer 
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Mi OUTLINE OF TESTING METHOD 
1. INSPECTION METHOD 


Compared to conventional core memories, !C 
memories contain all peripheral circuits, such as the 
decoder circuit, write circuit and read circuit. Asa 
result, assembly and electrical inspection of !Cs are 
all performed by IC manufacturers. Consequently, 
as the electrical inspection of !C memories are 
becoming more systematic, conventional !C inspec- 
tion facilities are becoming useless. This has led to 
the development and introduction of a memory 
tester with pattern generator to generate the inspec- 
tion pattern of the memory IC at high speed. A 
function test for such as TTL gates can be per- 
formed even by a simple DC parameter facility. 
However, when the address input becomes multi- 
plexed as in 16K, 64K and 256K memory, even the 
generation of the function test pattern becomes a 
serious problem. 

In the memory IC inspection, its quality cannot be 
judged by DC test on external pins only, because the 
number of the element such as transistor which can 
be judged in the DC test is only 1/1000 of all ele- 


ments. The followings are the address patterns pro- . 


posed to inspect whether the internal circuits are 
functioning correctly. 

(1) All “Low”, All “High’’ 

(2) Checker Flag 

(3) Stripe Pattern 

(4) Marching Pattern 

(5) Galloping 

(6) Waling 

(7) Ping-Pong 

Those are not all, but only representative ones. 
There are the pattern to check the mutual inter- 
ference of bits and the pattern for the maximum 
power dissipation. Among the above mentioned 
patterns, those of (1) to (4) are called N pattern, 
which can check one sequence of N bit IC memory 
with the several times of N patterns at most. Those 
of (5) to (7) are called N? pattern, which need 
several times of N? patterns to check one sequence 
of N bit IC memory. Serious problem arises in using 
N? pattern in a large-capacity memory. For ex- 
ample, inspection of 16K memory with galloping 
pattern takes a lot of time — about 30 minutes. (1), 
(2) and (3) are rather simple and good methods, 
however, they are not perfect to find any failure in 
decoder circuits. Marching is the most simple and 
necessary pattern to check the function of IC 
memories. 


2. MARCHING PATTERN 


The marching pattern, as its name indicates, is a pat- 

tern in which ‘1's march into all bits of ‘0’’s. For 

example, a simple addressing of 16 bit memory is 

described below. 

(1) Clear all bits ............. See Fig. 1 (a) 

(2) Read “0” from Oth address and check that the 
read data is “O’. Hereafter, “Read” means 
“checking and judging data” 

(3) Write 1" on Oth address... .... See Fig. 1(b) 

(4) Read “0” from 1st address. 

(5) Write 1’ on 1st address. 

(6) Read ‘‘0” from nth address. 

(7) Write 1" on nth address ...... See Fig. 1(c) 

(8) Repeat (6) to (7) to the last address. Finally, 
all data will be “1”. 

(9) After all data become ‘1’, repeat from (2) to 
(8) replacing “0” and 1”. 

In this method, 5N address patterns are necessary 

for the N-bit memory. 





Figure 1 Addressing method of for 16 bit memory in the 
Marching pattern 
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Mi APPLICATION 








1. Static RAM 


1.1. Static RAM Memory Cell 

The static RAM memory cell consists of flip-flops 
organized as 4 NMOS transistors and 2 load resistors 
as shown in figure 1-1. The data in the cell can be 
retained as Jong as power is supplied, and read out 
without being destroyed. 


Word Line 





Figure 1-1. Static RAM Memory Cell 


1.2. Data Retention Mode and Battery Back-up 
System 
The data in RAM is destroyed at power off. How- 
ever, CMOS static RAM has a data retention mode. 
In this mode, power consumption at standby is ex- 
tremely low and supply voltage can be reduced to 
2V. So, it enables a battery back-up system to 
retain data during power failure. 
Data Retention Mode: The important point in 
designing a battery back-up system is the timing 
relation between the memory power supply during 
the change (ordinal source > battery) and the chip 
select signal. If the timing for the change is missed, 
the data in memory might be destroyed. 
Figure 1-2. shows the timing for switching the 
power supply. The following explains the technical 
terms related to the data retention mode. 


Data retention mode 









4.5 4.5V 





&s \ Von = 2.0V I, 
(CE) 





Figure 1-2. Timing for Battery Back-up Application 


Data retention mode: The period that the power 
supply voltage is lower than the specified operation 
voltage. During this period, memory must be kept in 
non-select condition (e.g. CS = Vor - 0.2V). 


tcor (time for chip select to data retention): The 

minimum time needed to change from operating 

mode to data retention mode. Normally Ons. 

tra (Operation recovery time): The minimum time 

needed to change from data retention mode to 

operating mode. Normally, it is the same as the 

cycle time of the memory. 

Vor (data retention voltage): The voltage applied in 

data retention mode. Normally, the minimum 

supply voltage needed to retain memory data is 2 V. 

'ccor (data retention current): The current con- 

sumption in data retention mode. It depends on 

memory power supply voltage and ambient tem- 

perature. It is specified at supply voltage (VpR) = 

3.0 V. 

Battery Back-up System: battery back-up sequence 

is described in the following: 

1. External circuit detects failure of system power 
supply. 

2. External circuit changes RAM to standby mode. 

3. External circuit separates RAM from system 
power supply. 

4. External circuit switches to Back-up power 
supply. 


Memory Vcc 


System Vee 


Memory 
control pin 





Figure 1-3. Example of Battery Back-up System 
The control circuit detects the power failure and 
cuts off the power after switching memories to 
standby mode. On recovery, it confirms power 
supply and after some delay, returns memories to 
operating mode. The memory control signals 
depend on the types of memories used in the 
system. 

* Using memory with only one CS. NAND signal 
between the control signal and chip select signal 
should be connected to CS. As the level of CS in 
data retention mode must be higher than Vopr — 
0.2V, the power supply for this NAND gate must 
either be shared with the memory power supply, 
or be pulled up to the memory power supply. 

* Using memory with two CS. Basically, the 
signals are the same as mentioned above. In 
general use, two pins should be used for the 
control signal and the chip select signal respec- 
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Application 


tively. CS, which can intercept current path of 
other pins in the input buffers, is for control 
signal input of data retention mode. 

* Using memory with CS and CS. As CS selects 
the chips at high level, it is better to use CS than 
CS as control signal input for data retention 
mode. As soon as power down is detected, 
signals should be brought to low fevel. So a pull- 


[once 


up to the memory power supply level is not 

needed and circuit organization is simplified. 
Figure 1-4 shows an example of a battery back-up 
system circuit. Hitachi recommends using CMOS 
logic for gate G; in control circuit and memory 
Vec. The low Vce transistor Q; is required to 
switch regulating circuit from system power supply 
to back-up power supply. 





Figure 1-4. Example of Battery Back-up System Circuit 
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2. Pseudo-Static RAM 

2.1 Pseudo-Static RAM Features 

A new type of memory, pseudo-static RAM has been 
developed to provide the advantages of dynamic 
RAM (low cost, high density) and static RAM (easy 
usage). |C memory consists of memory cells for data 
storage, and input/output circuits for interfacing to the 
external circuits. PSRAM provides the memory cell 
and peripheral circuits of DRAM and the external con- 
trol circuits, which includes a part of the refresh con- 
trol circuits not provided by dynamic RAM, and inter- 
face circuits similar to that of static RAM, on achip, as 
shown in table 2-1. Address input is not multiplexed 
and data input/output is byte-wide like standard static 
RAM. With PSRAM x 8 organization, medium den- 
sity memory system can be designed easily. PSRAM 
provides address refresh, automatic refresh and self 
refresh. 

Figure 2-1 shows examples of system design using 
PSRAM and DRAM. Using PSRAM, the circuits 


Table 2-1, 


PSRAM Features 









Organization 





Multiplexed 


Address Address 


Ee ae 


Nor 
Necessary 


Simple<—————> Complex 


Refresh Necessary 





External Circuits 


interfacing CPU to DRAM can be drastically 
reduced, 

Figure 2-2 shows block diagram of pseudo static 
RAM. 


2.2. 1 Mbit Pseudo-Static RAM Function 

Read/Write Cycle: Figure 2-3 and figure 2-4 show 
the timing chart for the read/write cycle of 1 Mbit 
pseudo-static RAM HM658128. The HM658128 


vase YOXXT-XXNXXXEREE 


Data 


(a) CE access 





Application 


pg eal 


oe 
= Selector 
Ref. Address 
















(PSRAM) 
Figure 2-1. System Organization 
£ Memory Array 
* (ALA tet 1C/Celt) 
g 3 
mm = 
- 


Refresh | 
Refresh 
Address Timer 


Counter Column I/O cK Data 
| Column Decoder 

Control 
ic 






Logi 


aaa 


Column Address 


Figure 2-2. Block Diagram (PSRAM) 


can perform 2 types of access in a read cycle, CE 
access (Figure 2-3 (a)) and OE access figure 2-3 (b)). 
It writes the data at the rising edge of WE (figure 
2-4 (a)) or at the rising edge of CE (figure 2-4 (b)). 
The CS pin should be brought high when the ad- 
dress is latched at the falling edge of CE in the read/ 
write cycle. The HM658128 has no OE specifica- 
tion at the falling edge of CE as it provides both OE 
pin and RFSH pin. 


AAAX_| XXAXAAAAXA 


(b) OE access 


Figure 2-3. Read Cycle 
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CS Standby Mode: The HM658128 enters CS 
standby mode for one cycle if CS turns to low 
at the falling edge of CE (figure 2-5). 





cE 
Talay Va avAtaATAVATAVATAY, , Standby 

Address XKX) ae XXXAKKA AAA f f A f CE 

OE 

cs 

WE 

cs Figure 2-5. CS Standby Mode 

Data 

(a) Write at the rising edge of WE (b) Write at the rising edge of CE 
Figure 2-4. Write Cycle 
Address Refresh: Address refresh mode performs distributed mode). In this mode, CS should be high 


refresh by access to row address (AO — A8) 0 — 511 at falling edge of CE. 
sequentially within 8 ms, as shown in figure 2-6 (in 





ISus 





CE 


A0~A8 





A9~A16 


cs 


Refresh R/W 





Figure 2-6. Address Refresh 


Automatic Refresh: The HM658128 goes to auto- address pins AO — A8, as it is generated internally. 
matic refresh mode if RFSH falls while CE is high Figure 2-7 shows the timing chart for distributed 
and it is kept low for more than 180 ns. refresh. In automatic refresh mode, the timing for 
It is not required to input the refresh address from only CE and RFSH are specified. 


15us 


| 


a 
x 


180ns & Refresh < 8:8 
Figure 2-7. Automatic Refresh 
Self Refresh: Self refresh mode performs refresh at enabled by keeping CE high and RFSH tow for 


the internally determined interval. The HM658128 more than 8 ps (figure 2-8). 
enters the mode when the internal refresh timer is 
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28us = 180ns 


Figure 2-8. Self Refresh 
Considerations on Using HM658128: The following 
should be considered when using the HM658128. 

@ Data retention. The HM658128 can retain the 

data with a battery (but not for long time). The 
HM658128L, low power version, offers typical 
self-refresh or standby current of 100uA. 
A 1-Mbyte system (using eight HM658128Ls) 
can retain the data for about 1.5 months with 
battery of 100 mAh current. Vcc = 5 V + 10% 
must be maintained for data retention. 

@ Power on. Start HM658128 operation by 
executing more than eight initial cycles (dummy 
cycles) more than 100 us after power voltage 
reaches 4.5 V — 5.5 V after power on. 

@ Bypass capacitor. Hitachi recommends inserting 
1 bypass capacitor per RAM. 


2.3 Pseudo-Static RAM Data Retention 

PSRAM with self refresh retains data CE and OE 
are fixed for more than defined period. The follow- 
ing explains considerations for PSRAM data reten- 
tion. 

First, PSRAM cannot retain the data at low supply 
voltage. 

They employ 1 MOS type memory cell as shown in 
figure 2-9. The charge is stored on the capacitor C 
as memory data. The data 1, written at low supply 





Figure 2-9. Memory Cell of PSRAM 


voltage, cannot be read as 1 at high supply voltage. 
Figure 2-10 indicates the operation voltage for self 
refresh and subsequent read of PSRAM. If the data 
is read out at more than 5 V of Vcc, for example, 
after self refresh is performed at Vcc = 3.7 V, it is 
destroyed. 

PSRAM must be used at supply voltage from 4.5V 
to 5.5V. 


Application 


Second self refresh current increases at low supply 
voltage. 


Fail 


Read Voltage 


Self Refresh Voltage 


Figure 2-10. PSRAM Operating Voltage 





PSRAM provides the voltage level detector circuit 
to reduce self refresh current. However, it should 
be noted that the circuit increases the current with 
low supply voltage in self refresh (figure 2-11). Self 
refresh current also increases at low temperature 
(figure 2-12). 


Spec 
45V 5.5V 
G77777777774 


Power Supply Voltage 
Figure 2-11. Self Refresh Current vs. Voltage 


Figure 2-12. Seif-Refresh Current vs Temperature 


Please use PSRAM within the recommended opera- 
tion range (Vcc more than 4.5 V, temperature more 
than O°C) for data retention, especially using a 
battery. 
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3. INSTRUCTIONS FOR USING MEMORY 
DEVICES 

3.1 Prevention of Electrostatic Discharge 
As semiconductor memory designs are based on a 
very fine pattern, they can be subject to malfunc- 
tion or defects caused by static electricity. Though 
the built-in protection circuits assure unaffected re- 
liability in normal use, devices should be handled 
according to the following instructions: 

1. In transporting and storing memory devices, put 
them in conductive magazine or put all pins of 
each device into a conductive mat so that they 
are kept at the same potential. Manufacturers 
should give enough consideration to packing 
when shipping their products. 

2. When devices touch a human body in mounting 
or inspection, the handler must be grounded. Do 
not forget to insert a resistor (1MQ approx. is 
desirable) in series to protect the handles from 
electrical shock. 

3. Keep the relative ambient humidity at about 
50% in process. 

4. For working clothes, cotton is preferrable to syn- 
thetic fabrics. 

5. Use a soldering iron operating at low voltage (12 
V or 24 V, if possible) with its tip grounded. 

6. In transporting the board with memory devices 
mounted on it, cover it with conductive sheets. 

7. Use conductive sheets of high resistance (about 
10° ohm/C) to protect devices from electrostatic 
discharge. For, if dropped onto conductive mate- 
rials like a metal sheet, devices may deteriorate 
or even breakdown owing to sudden discharg 
of the charge stored on the surface. 

8. Never set the system to which memory devi 
are applied near anything that generates hig.: 
voltage (e.g. CRT Anode electrode, etc.). 


3.2 Using CMOS Memories 

As shown in figure 3-1, the input of aCMOS mem- 
ory is connected to the gate of an inverter consist- 
ing of PMOS and NMOS transistor. Figure 3-2 
shows the relationship between the input voltage 
and current in this inverter. The top and bottom 
transistors turn ON and make current flown when 
the input voltage becomes intermediate level. 
Therefore, it is necessary to keep the input voltage 
below 0.2 V or above Vc > - 0.2 V in order to mini- 
mize power consumption. The data sheet specifies 
the stand-by current for both the cases of input 
level with minimum Vj, and maximum V,, and that 
with 0.2V or Vcc - 0.2 V, and the difference in 
value is remarkably great. Some memory devices 
are designed to cut off such current flow in standby 
mode by the control of input signals, but it depends 





on device type. This should be confirmed in data 
sheet for each device type. 


Vee 


{ I 
P 
Input Output 


N 


Figure 3-1. CMOS Inverter 


Current( Arbitrary Unit) 





Input Voltage 


Figure 3-2. Relationship between Input Voltage & 


Current In CMOS Inverter 


Another problem particular to CMOS devices is 
latch-up. Figure 3-3 shows the cross section of a 
CMOS inverter and the structure of a parasitic bipo- 
lar transistor. The equivalent circuit of the parasitic 
thyristor is shown in figure 3-4. When positive DC 
current or pulse noise is applied (figure 3-4 (a)), TR3 
is turned on owing to the bias voltage generated 
between base and emitter. And trigger current 
flows into GND through Rp, the base resistance of 
TR2. As aresult, TR2 becomes conductive and cur- 
rent flows from power supply (Vcc) through the 
base resistance of TR1 (Ry), which puts TR1 into 
conduction, too. Then, as the base of TR2 is re- 
biased by collector current from TR1, the closed 
loop consisting of TR1 and TR2 reacts. Thus cur- 
rent flows constantly between power supply (Vcc) 
and GND even without trigger current caused by 
outside noise. 

Latch-up can be caused by a negative pulse, too 
(figure 3-4 (bb)). Most of semiconductor memory 
manufacturers are trying to improve latch-up immu- 
nity of their products. Hitachi provides enough 
guard band by applying diffusion layer around in- 
puts and outputs, taking care not to connect input 
top + diffusion layer. Input voltage for 64 kbit static 
RAM HM6264A, for example, is specified as follows: 
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Vin max 6.0V (not depending on V¢c) 
Vii min 3.0 V (pulse width = 50 ns) 
-0.3 V (DC level) 







Internal Input © 


Vee(+5V) Vee 





P 
Internal Input Pin 
n> 
Vss 9(0V) 
(a) 
Figure 3-3. 

paclowd beck 
Pin Vee | 
e4] 
| 
Rn, 
Tas 
| 
Tas) 
Positive T,, ON fd I 
Voltage | 
I 
Tr: ON ! 

| 
t { 
Tay, ON boca us a 


(a) Thyristor Effect by 
Positive Voltage 


Figure 3-4. 


3.3 Noise Prevention 
Noise in semiconductor memories is roughly classi- 
fied into input signal noise and power supply noise. 


3.3.1 Input Signal Noise 

Input signal noise is caused by overshoot and un- 
dershoot. If either of them is out of recommended 
DC operating conditions, normal operation is hin- 
dered, and voltage over absolute maximum rating 
will break the device. In operating high speed sys- 
tem, special care is required to prevent input signal 
noise. 

The noise can be prevented by inserting a serial re- 
sistance of less than 50 ohm into each input or a 
terminating resistance into the input line. Actually, 
however, input signal noise can be simply reduced 
by a stable power supply line, because it is often 
caused by unstable reference voltage (GND level). 


Application 


Thus almost no consideration for latch-up is re- 
quired in system design. 


Pin 





Cross Section Structure of CMOS Inverter 


Pin 
) 
| Rn 
Negative Tp, ON Th 
Voltage ‘ 
Tr: ON 
‘ 
Ta: ON 


{b) Thyristor Effect by 
Negative Voltage 


Equivalent Circuit of Parasitic Thyristor 


3.3.2 Power Supply Notice 

The power source noise can be classed as low- 
frequency noise and high-frequency noise as 
shown in figure 3-5. To assure stable memory oper- 
ation, the peak-to-peak power supply voltage in the 
presence of low-or high-frequency noise should be 
held below 10 percent of its standard level. 


High- frequenc) 
Not More than Wie of suede 
Power Supply Vi 






pa : 


Nov Mon th than Y TO of Standard Power 
Surely leone ~and High-frequency 
Not More than + 10% of Standard Power 
Supply Voltage. 
Figure 3-5. Power Source Noise 
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Devices like dynamic RAMs, which operate from 
clock signals, or high speed CMOS static RAMs, 
through which current flows during transition of 
signals, consume high peak current. When a power 
supply does not have enough capacity for the peak 
current, voltage drops. And if the recovery rate of 
the power supply synchronizes with its time con- 
stant, it may start oscillating. To reduce the influ- 
ence of the peak current, a bypass capacitor of 0.1 
- 0.01 pF should be inserted near the device. The 
following points must be considered in designing 
pattern of the board: 
* For bypass capacitors, use titanium ceramic, or 
tantalum capacitors which have better high- 
frequency characteristics. 


Preferred 


Vee Vss Veco Vss Vee Vss 


Data 1/0 


Figure 3-6. 


3.4 Address Input Waveform of Hi-BiICMOS 
Memory 

Data stored in memory might be destructed in case 
that Address Input of the HM6716, HM6719, 
HM6787, HM6788 and HM6789 series becomes 
floating and sticks at and around threshold voltage. 
(e.g. CPU does Address Bus to off state in Figure 1.) 
Consequently, the following three methods are rec- 
ommended so as to preserve malfunction of mem- 
ory device. 





* Bypass capacitors must be applied as near to the 
power supply pin of memory devices as possible, 
and inductance in the path from Vec pin to Vgs5 
pin through the bypass capacitor must be as little 
as possible. 

* The line connected to the power supply on the 
board should be as wide as possible. 

x It is preferrable for the power supply line to be at 
right angles to devices selected at the same time, 
tess too much peak current should flow through 
one power supply line at a time 


Non-preferred 


~Faults- 

1. Bypath Lines are too 
ong. 

2. Devices Selected at 


a Time are on 
Same Mother Line. 


Vee Vas 
Data 1/0 


Examples of Power Supply Board Pattern 







Pull-up 
Resistor 












CPU 






Address 
Bus 








“Stray 
capacitance 


on board 
a 






cs 
Control 


A: Insert latch as shown in Figure 3-7 lest Ad- Figure 3-7 

dress Input should become floating. 
B: PutCS into High while Address Input becomes tr 

floating. ‘wadeees 

(Dotted line in Figure 3.8) Input 
C: Insert Pull-up Resistor (R) to hold time con- 

stant of Rising Edge wave form of Address In- a = 

put pin (tr = R_ x C) below 150 ns. ts J Y 
Stable operation can be assured if you have already Ponce 2 ee ee 
adopted the above three method (A, B, C), while if Write wend 
you have any problem, please contact our sales Figure 3-8 
offices. 
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Section 2 
MOS Static RAM 


@ HITACHI® 


HM6é268 Series 


4096-word x 4-bit High Speed CMOS Static RAM 


sFEATURES 

@ Single 5V Supply and High Density 20 Pin Package. 

@ High Speed: Fast Access Time 25/35/45ns (max.) 

© Low Power Standby: 100uW typ, 5uW typ (L-version) 

Active: 250mW typ. 

@ Completely Static Memory: No Clock or Timing 
Strobe Required 

@ Equal Access and Cycle Times 

Directly TTL Compatible — All Inputs and Outputs 

© Capability of Battery Back Up Operation (L-version) 


MORDERING INFORMATION 



















Access Time oan Package 
HM6268P-25 
HM6268P-35 
HM6268P-45 300mil 20pin 





HM6268LP-25 Plastic DIP 


HM6268LP-35 
HM6268LP-45 


MIBLOCK DIAGRAM 


—— Vee 
Memory Array 
64 Rows 

256 Columns 


—a— Nyy 






Row Decoder 


Ove 





Column 1/0 
Column Decoder 


“ TK REER 
as WOAOA BABS 
oe ey 


ar ae ne 
Az An 9 <a 


1/02 9 












Input Data 


010 Control 










Ore 










Voltage on Any Pin Relative to Vss 












Power Dissipation 1.0 
0 to +70 
-10 to +85 











Operating Temperature 


Storage Temperature 






Temperature under Bias 





Note) #1. -3.5V for pulse widths 10ns. 
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(DP-20N) 


(Top View) 





HM6268 Series 





MM TRUTH TABLE 

















Ref. Cycle 


we oi 


MERECOMMENDED OPERATING CONDITIONS ( 72 =0 to +70°C ) 


Read Cycle 
Write Cycle 















Parameter Symbol min typ max Unit 
Vec 4.5 5.0 5.5 Vv 
Supply Voltage 
Vss 0 0 0 V 
Input High (logic 1) Voltage Vin 2.2 = 6.0 V 
Input Low (logic 0) Voltage Vin —0.5*! 7 0.8 V 














Note) * 1.~3.0V for pulse widths 10ns. 


™@ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, Vsg = OV. T, = Oto +70°C 

















Test Condition 


Parameter Symbol 











Input Leakage Current 

























































Output Leakage Current L Troll CS:= Vii Vio = Veetd Veg = 4 a 2.0 pA 
as Ses eee aes SEL 

Operating Power Supply Current loc CS = Vi. lyo = OMA, min. cycle 50*3 90 mA 

Standby Power Supply Current Igp CS = Viy. min. cycle — 15 25 mA 
ae a wif of 

CS = Vee -0.2V. | — | 002 | 2.0 | ma 

Standby Power Supply Current (1) Igpi OV < Viy < 0.2V or Vee - 0.2V < Vin = = so mA 
eee ae BS cere | 

Output Low Voltage VoL | Tou = 8mA —_ _ 0.4 Vv 
oe eh 4 

Output High Voltage Vou lon = -0.4mA 2.4 | as eee Vv 

SS EE ah aaa ee Ee eee GENER TS) Ct NEL au ae 





Notes) #1. Typical limits are at Voc =5.0V, Ta= +25°C and specified loading. 
* 2. ‘This characteristics is guaranteed only for L-version. 
* 3. 40mA typ. for 45ns version. 


MICAPACITANCE ( Ta=25°C, f=1.0MHz) 








Test Conditions 






Parameter 












Input Capacitance 











Input/Output Capacitance pF 
Note: This parameter is sampled and not 100% tested. 

MAC CHARACTERISTICS ( Vcc=5V 410%, Ta=0 to +70°, unless otherwise noted. ) 
@ AC Test Conditions Input and Output timing reference levels: 1.5V 


Input pulse levels: Vss to 3.0V Output load: See Figure 


Input rise and fall times: 5ns 
Output Load (B) 


Output Load (A) (for (HZ, tLZ, twZ & tow) 
5V 5V 
480Q 480Q 
Dout Dout 


* Including scope and jig. 
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HM6268 Series 


@ READ CYCLE 


HM6268-25 HM6268-35 HM6268-45 


min min max i 


Parameter Symbol 


max max 


on 
on 
cs 


> 3 
Coin ays 


io) 


aE 


le 
= 
on 


Read Cycle Time 


on 
on 
rc 


w 


Address Access Time tha 


on 
ee 


Chip Select Access Time tacs 


Output Hold from Address Change 


* 
oo 
= 


Chip Selection to Output in Low Z tz 


* 


ol 
is) 


nN Ww] w 
oOo 


Chip Deselection to Output in High Z hiz 


iw] 
Oo 


Chip Selection to Power Up Time 


i] 
on 


on 


uo 
Oo 


Chip Deselection to Power Down Time 


— w 
oyu 


HE 
fond 


Note) #1. Transition is measured + 200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 


© Timing Waveform of Read Cycle No, 1!7).(2) 


tac 





Address 


a 


XK) 


Dout 


Vec Suppiy 
Current 





Notes: 1. WEisHighforReadCycle. 
2. Device is continuously selected, CS = V77. 
3. Address Valid prior to or coincident with CS transition Low. 


@ WRITE CYCLE 
Parameter Symbol bee 
ax 

Write Cycle Time te 5 5 

Chip Selection to End of Write w 0 

Address Valid to End of Write LAW 0 

Address Setup Time 

Write Pulse Width 


Write Recovery Time 

Data Valid to End of Write 

Data Hold Time 

Write Enabled to Output in High Z 


— 
no 
oOo 


SF;S1s 
Fle lefele|el: 


= 
N 
* 
_ 
oO 
_ 


on » 
* 


Output Active from End of Write bow"! 


oO 
_~ > 


Note)* 1. Transition is measured +200mV from steady state voltage with Load (B). 


This parameter is sampled and not 100% tested. 
@ HITACHI 


38 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


HM6268 Series 


@ Timing Waveform of Write Cycle No. 1 (WE Controlled) 


@ Timing Waveform of Write Cycle No. 2 (CS Controlled) 


Notes: 


1. 
. twR is measured from the earlier of CS or WE going high to the end of write cycle. 
. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 


Wn 


na wn & 


nie 


Address ne ee ee 






c N\\ hs ALS LL ALLS. 


taw 
*1 
tas tw 
tou 





WE 
"5 
Din Data in Valid B Cx) 
*5 
tow 
High impedance 
Dout 





Address 


XXX XKKKXXXKAM 


Dout High Impedance (4) 








A write occurs during the overlap of a low CS and a low WE. (twp). 


must not be applied. 


. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 


buffers remain in a high impedance state. 


. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to 


the outputs must not be applied to them. 


. Dout is the same phase of write data of this write cycle, if twp is long enough. 
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HM6268 Series 


MLOW Vic DATA RETENTION CHARACTERISTICS (0'C S7Tas70C) 


This characteristics guaranteed only for L-version. 














Parameter 


Vcc for Data Retention 


| Von | C32 Vec—0.2V 


Vee Vec—0.2V or 


Data Retention Current OVS V..80.2V 


Chip Deselect to Data Retention Time 
Operation Recovery Time 


Notes) * 1. ta. @Reed Cycle Time. #2. Veo 3.0V 
#3. Veo 2.0V 


@LOW V.c DATA RETENTION WAVEFORM 


DATA RETENTION MODE 


S2Vee -02V 
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HM6268 Series 


SUPPLY CURRENT VS. SUPPLY SUPPLY CURRENT VS. AMBIENT 
VOLTAGE TEMPERATURE 


Supply Current Icc (Normalized ) 





Supply Voltage Veco (V) Ambient Temperatare Ta (‘C) 
ACCESS TIME VS. SUPPLY ACCESS TIME VS. LOAD 
VOLTAGE CAPACITANCE 





Access Time tas, face (Nomnalized) 
Access Time tag, acs (Normalized ) 








Supply Voltage Voc (V) Load Capacitance C, (pF) 
ACCESS TIME VS. SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE FREQUENCY 
T (ns) 
7 100 50 25 20 
s 1.0 
j.. 
; z 
= 8 08 
a ~ 
i Ne 
i 3 
. 06 
OS i 20 30 70 0 
Ambient Temperature Ta (°C) Frequency f (MHz) 
© HITACHI 
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HM6268 Series 


42 





INPUT LOW VOLTAGE VS. SUPPLY INPUT HIGH VOLTAGE VS. SUPPLY 
VOLTAGE VOLTAGE 








: : 
3 i 
> > 
Es i 
5 ) 
a} 
Supply Vokage Vcc (V) Supply Voltage Vee (V) 
OUTPUT CURRENT VS. OUTPUT OUTPUT CURRENT VS. OUTPUT 
VOLTAGE VOLTAGE 
i i 
: i 
r a 
: 
i 3 
8 
Output Voltage Vow (V) Output Voltage Vo. (V) 
STANDBY CURRENT VS. AMBIENT STANDBY CURRENT VS. SUPPLY 
TEMPERATURE VOLTAGE 


Standby Current Iss, (A) 
Standby Current Iss: (Normalized ) 


CS = Veo -0.2V 


4 5 


Ambient Temperature Ta (‘C) Supply Voltage Vcc (V) 
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HMG267 Series 


16384-word x 1-bit High Speed CMOS Static RAM 


mw FEATURES 

High Speed: Fast Access Time 35/45/55ns (max.) 

@ Low Power Standby and Low Power Operation 
Standby: 0.1mW (typ.)/SuW (typ.) (L-version), 
Operation: 200mW (typ.) 

@ Single 5V Supply and High Density 20 Pin Package 

@ Completely Static Memory ...... No Clock or Timing Strobe 





Required 
@ Equal Access and Cycle Time (DP-20N) 
@ Directly TTL Compatible: All Input and Output 
@ Capability of Battery Back Up Operation (L-version) s PIN ARRANGEMENT 


& ORDERING INFORMATION 


Access Time 









Package 









HM6267P-35 35ns 
HM6267P-45 45ns 
HM6267P-55 55ns 300 mil 20 pin 






Plactic DIP 






HM6267LP-35 
HM6267LP-45 
HM6267LP-55 







® BLOCK DIAGRAM 


ed Vec 


—w—— Ks 










Memory Array 
12K x 128 


Row 


Decoder 





(Top View) 





Colum Colum 0 
“— aan rere | 


Au Avo Ay Ax A: An As 


m ABSOLUTE MAXIMUM RATINGS 


Symbol 










Dout 






























Voltage on Any Pin*! | Vr | -0.5*2 to +7.0 

Power Dissipation ifn EA 
Operating Temperature 
Storage rs 


Storage Temperature Under Bias 


“iO +88 
Notes) sie With respect ot Vsg 


2. ~3.5V for pulse width $ S 20ns. 
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HM6267 Series 





@ TRUTH TABLE 


a 


Read Cycle 
Write Cycle 





Note) *1. -3.0V for pulse width S 20ns 


® DC AND OPERATING CHARACTERISTICS (Voc = 5V + 10%, Vg = OV, Tg = 0 to +70°C) 


Test Condit HM6 267-35 HM6 267-45 /55 tipit 
est Conditions ni 
[min [typ*l 


Input Leakage Current Voc=5.5V, Vin=Vgs to Vcc 


Item 


Output Leakage Current Ito! | C8=Vin, VouT=Vss to Voc ei 
Operating Power Supply Current | [cc CS=V 7, Joy7=0mA, min, cycle | = | 


tv 
: 
> 


Isp Cs=Viz, min cycle 


Stand by Power Supply Current CS 2 Voc - 0.2V, 


Isp OV SViIn $0.2V or 
Voc- 0.2V SVin 


Vout | for =8mA | - | - [os] - | - [04 | A 
Output Voltage Vou lon =-4mA P24] - | - [24] - | - | y. 


Notes) *1. Typical limts are at Voc = 5V, Tg = 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 





® CAPACITANCE (7, = 25°C, f= IMHz) 


Input Capacitance Viwn=O0V 





Output Capacitance Vour@0V 


Note) This parameter is sampled and not 100% tested. 


mw AC CHARACTERISTICS (Voc = 5V +10%, T, = 0 to +70°C, unless otherwise noted) 
@ AC TEST CONDITIONS 


Input pulse levels: Vsg to 3.0V Output Load A Output Load B 
Input rise and fail times: 5ns +5V (for twz, tuz, twz & tow) 
Input and Output timing reference levels: 1.5V pe 
Output load: See Figure soon 4eog 
Dou 
2880 30pF* ra 
2580 a. 
* Including scope and jig. * Including scope and jig. 
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HM6267 Series 


© Read Cycle 

Red Gy Tin hee oes ae 
Address Access Time taAa | - | 35 | - [| 45 | - | 55 {ns | 

Chip Select Assess Time pes f= fs as ss 
Output Hold from Address Change toH St fos | - | ns | 

Chip Selection to Output in Low Z trz fa 2,3,7 
Chip Deselectio to Output in High Z tHz | o | 30 | o | 30 | o | 30 | ns | 2,3,7 
Chip Selectio to Power Up Time | teu [| 0 | - | of - | o | - | os | 

Chip Deselection to Power Down Time | tep | - | 2» | - | 30 | - | 30 [ as | 


@ TIMING WAVEFORM OF READ CYCLE NO.1* » 
tre 


Address 


taa 






Data Out Data Valid 





Previous Data 
Vali 


@TIMING WAVEFORM OF READ CYCLE NO. 2”? ® 


Data Out 


Vcc Supply 
Current 





Notes) 1. All Read Cyice timing are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, f,,z max. is less than f, z min. both for a given device and 
from device to device. 
. Transition is measured +500mV from steady state voltage with specified loading in Load B. 
WE is High for READ cycle. 
. Device is continuously selected, CS = V;,. 
Addresses valid prior to or coincident with CS transition low. 
. This parameter is sampled and not 100% tested. 


@ Write Cycle 


NAW ow 


~~ 2 SS 

Wie Cre Tin we fas - Ps] - |] - Pe fe 
Chip Selection to End of Write | tcew | 30 | - | 40 | - | so | - | os | 
Address Valid to End of Write [tw | 30 | - | 40 | - | so | - | os | 
Address Setup Time tas To} - {| of - | o | - | os | 

Waite Pale Wit ie ss 
Waite Recovery Time fe 
Data Valid to End of Write | tpw | 20 | - | 2s | - [| 25 | - | as | 

Write Enabled to Output in High Z twz | o [ 20 | o | 2s | o | 25 | os | 3,4 
Output Active from End of Write T tow | of - | o | - | o { - | as | 3,4 
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PUIG 2G 7 Series sn i i a 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 


ac caarmaaaaas 
5 ee ee 


% ~ 


Data Our Data Undefined 
High Impedance 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 
twe 


Address 


law 
tas wR 


cs tow 


w WW TTT. 
: as z 


twz 


High Impedance 
Dout Data Undefined 


Notes) 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 
2. All Write Cycle timings are referenced from the last valid‘address to the first transitions address. 
3. Transition is measured : 500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6267 Series 





MLOW Vi DATA RETENTION CHARACTERISTICS (0°C S$ Tas70°C) 
This characteristics is guaranteed only for L-version. 


Parameter Symbol Test Conditions pee ee Unit 


Data Retention Current Tccoa V2 Vec—0.2V or OVSV.80.2V -| - | ee MA 


Chip Deselect to Data Retention Time 0 | - | - ns 
Operation Recovery Time tr see retention waveform tac #1 eto) ete ly 


Notes) #1. tac Read Cycle Time. #2. Vee =3.0V 
#3, Veo @2.0V 








@LOW V.c DATA RETENTION WAVEFORM 


DATA RETENTION MODE 





TS2 Vee - 0.2 





SUPPLY CURRENT VS. SUPPLY VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE 





I z 
i 2 
7 = 
z z 
‘ : 
i E 
é 3 
= > 
Supply Voltage Veco (V) Ambient Temperature Ta (TC) 
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HM6267 Series 


ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE 


Access Time tas. tacs (Normalized) 


Acvess Time tas, tacs ‘Normatized) 





Supply Voltage Veo (VW) Ambient Temperature Ta (T) 

ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY 
ul cia Wwe 66 5 w vay 

. 10 

E i 

: : 

E OB 

2 c 

€ 2 

é 3 07 
06 
sai 5 10 15 mn 8 v 





Load Capacitance Cyt pF i Frequency f (MHz) 


INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 


Input High Voltage Viw (Normalized) 


Input Low Vokage Vie (Normalized) 





Supply Voltage Vec (V) 
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OUTPUT CURRENT VS. OUTPUT VO 


Ta =25T 


Vec=5V 


Output Current Jow (Normalized) 


Output Voltage Vow (V) 


STANDBY CURRENT VS. 
AMBIENT TEMPERATURE 


Vec=3V 


CS=2.8V 


Standby Currem Ism (A) 


Ambient Temperature Ta (T) 


Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 








HM6267 Series 


LTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE 


Output Curren Jos (Normalized) 





Output Voltage Vor (V) 


STANDBY CURRENT VS. SUPPLY VOLTAGE 





Standby Current set (Normalized) 


Ta=25T 
CS= Vee -0.2V 





Supply Voltage Veo (V) 
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HM6264A Series 


8192-word x 8-bit High Speed CMOS Static RAM 






ST EATURES HM6264AP Series 
@ Low Power Standby Standby: 0.1mW (typ.) 
10uW (typ.) L-/LL-version 

Low Power Operation Operating: 15mW/MHz (typ.) 
@ Fast access Time 100ns/120ns/150ns (max.) 
@ Single +5V Supply 
@ Completely Static Memory..... No clock or Timing Strobe Required 
@ .Equal Access and Cycle Time 
@ Common Data Input and Output, Three State Output 


@ Directly TTL Compatible: All Input and Output 
®@® Capability of Battery Back Up Operation (L-/LL-version) 





(DP-28) 
HM6264ASP Series 


a“ 


(DP-28N) 


@ ORDERING INFORMATION 


HM6264AP-10 
HM6264 AP-12 
HM6264 AP-15 


HM6264ALP-10 
HM6264ALP-12 
HM6264ALP-15 


HM6264ALP-10L 
HM6264ALP-12L 
HM6264ALP-1SL 


HM6264 ASP-10 
HM6264 ASP-12 
HM6264 ASP-15 


HM6264ALSP-10 
HM6264 ALSP- 12 
HM6264ALSP-15 


HM6264ALSP-10L 
HM6264ALSP-12L 
HM6264ALSP-15L 


HM6264AFP-10 
HM6264AFP-12 
HM6264AFP-15 


HM6264ALFP-10 
HM6264ALFP-12 
HM6264ALFP-15 


HM6264ALFP-10L 
HM6264ALFP-12L 
HM6264ALFP-15L 


Note) T is added to the end of the type no. for a SOP of 3.00 mm (max.) 
thickness, 


600 mil 28 pin 
Plastic DIP 





HM6264AFP Series 


300 mil 28 pin 
Plastic DIP 


28 pin 
Plastic SOP 
(Note) 





(Top View) 
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® BLOCK DIAGRAM 


—o Vec 
—o Vis 







Memory Matrix 







Column 1/0 


w ‘J 
C3 







poet <4 
9 9 


aly 


Column Decoder 


= 
rl 


mA 


® ABSOLUTE MAXIMUM RATINGS 


Item Unit 
Terminal Voltage"! Vv 
Power Dissipation Pr aaa ae 
Operating Temperature Topr oC 
Storage Temperature Tstg -55 to +125 “Cc 
Storage Temperature (Under Bias) | bias -10 to +85 sc 


Notes) *1. With respect to Vg. 
*2. -3.0V for pulse width S 5Ons 


® TRUTH TABLE 

WE]CS,[CS,[OE] Mode | _WOPin_ [Vcc Current 
* PH] x | x | Not Selected 
iPower ewe) 
PLA [A [Output Disabied] Hienz [icc _| 
PL{H[L|Read | Dout__|lcc __| Read Cycle 
EE ite | | RB Icc Write Cycle (1) 
PLU HL [| Din icc | Write Cycle (2) 



















Note) *1. -3.0V for pulse width S 50ns 
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aes Wh Soi em a a ee 


®@ DC AND OPERATING CHARACTERISTICS (Voc = 5V + 10%, Vg = OV, Tz =O to +70°C 
Test Condition 


. 


Item | min | | max | 

Input Leakage Current Urs! Vin=Vss to Voc a | 2 | 

CSi=V yz or CS2=V7zz, or OE= Virz or WE= Viz, pod La 

Vijo=Vss to Vcc 

Operating Power Supply Current | Iccpc | CS1=Vjz,, CS2=Vixy, [1/9=0MA | - | 7/45 | ma 

Eee aste 

S5ee) 

aries 


Output Leakage Current Uno! 


, Min. cycle, duty=100%, CS1=V7,, CS2=Virg 
ccl Tyj0=0mA 

Cycle time = lus, duty = 100%, J, 1/0 OmA, 

CSI $ 0.2V, CS2 2 Voc -0.2V 

Vin 2 Voc -0.2V, Vit = 0.2V 


Isp CS1 =V yxy or CS2=V 7, 


Average Operating Current 





Icc2 








Standby Power Supply Current 





Vi 
Output Voltage Of 
OH 


V, 


Worstima Si = | = fo 
[fow=t0mk 


Notes) *1. Typical limits are at VCC=5.0V, Tg=25°C and specified loading. 
*2. Viz min=-0.3V 
*3. This characteristics is guaranteed only for L-version. 
*4. This characteristics is guaranteed only for LL-version. 
*5. For 120ns/150ns version. 
*6. For 100ns version. 


® CAPACITANCE (f= IMHz, 7, = 25°C) 


Symbol [Test Condon | wp [max [Un 


Input Capacitance 
Input/Output Capacitance 





Note) This parameter is sampled and not 1007. tested. 


# AC CHARACTERISTICS (Vcc = 5V110%, Ta = 0 to +70°C) 
@ AC TEST CONDITIONS 

Input Pulse Levels: 0.8V/2.4V 

input Rise and Fall Time: 10ns 

Input Timing Reference Level: 1.5V 

Output Timing Reference Level: 0.8V/2.0V 


Output Timing Reference Level: HM6264A-10 1.5V 
HM6264A-12/15 0.8V/2.0V 


Output Load: 1 TTL Gate and Cz, (100pF) (including scope and jig) 
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HM6264A Series 


e READ CYCLE 


HM6264A-10 HM6264A-12 HM6264A-15 
Item Symbol 


Unit 


| min | max | min | max | min | max _| 

Adress Aetes Ti 77 
Chip Selection to Output [|csi_ [ tcor | - | 100 | - | 120 | = | 150 ns 

esx] rcoa [= 10020 150 | as 
Output Enable to Output Valid tor /) - {| 50 | - | 60 | - | 70 | ns 
Sip aia GS era Nee one ee 
Outputintew2 [est [ ga | eo] os 
Pup tae w OUR Iew2 [erg [TS 
Chip Decietonto [ESL [0 | 38 [0 | wo | oa 
Guputinih 2 [esd [taza | 0-8] 0 [0] 050] 
Daipat able vo Outpt Hah Z| ona | 0 38] 0 | [0] 80] 
Output Hold from Address Change [ton [| 10 | - [| 10 [ - {| 10 [ - | ns 


Notes) 1. tyz and toyz are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
2. At any given temperature and voltage condition, tz7z max is less than tz z min both for a given device and from 
d device to device. 





@ READ CYCLE 
'RC 


tAA 


SNA: is AUN ULLLLLLLLL 


'CO2 'HZ1 


SSNNNWNNNNNNNANNNINN ees TTT. 
ee 
s > ee mn 6 


Note) 1. WE is high for Read Cycle +O 
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HM6264A Series 


e WRITE CYCLE 


| min | max | min | max | min | max | 
Wite Cele Time Pawo | 100 [ - [0 [ - | 150 | - 
Chip Selection to End of Write |tcw {| 80 | - | 8 {| - | 100 | 
Address Setup Time ase Oe ee Od 
Address Valid to End of Write eee 
Wiite Pulse Width Ttwe [60 [= [0 | - | 9 
Wiite Recovery Time a 
Write to Output in High Z riwaz | 0 | 35 | 0 | 4 | 0 | 30 | 
Data to Write Time Overlap Tipw [| | -_| #0 | - | 3 | -_| 
Data Hold from Write Time pe 0 0 
Output Enable to Output in High Z |tonz | 9 | 35 | O | 40 | 0 | 50 | 
Output Active from End of Write tow {| 5 [| - | Sf] - [| 5 ] - | 
© WRITE CYCLE (1) (OE clock) 

two 


sis sae, 


OE ALLEY | st) fe | SSS 
os 
ENN IT 


= TW ATLL. 
Se 


CS ET 
/ NW 
\ AN 


Di QF KKK 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


HM6264A Series 


© WRITE CYCLE (2) (OE Low Fix) 


Address 


Csi 


CS2 


Dout 


Din 


NOTES: 


tWC 


tAW 





twrR [4] 
tow [2] 


CoOL eo 
a ae 
LIA ILL yA AAAAAAAN 


ase) ¥\\K 7 ‘oH 


[8] 


NN A {NAN 
ELI L ALLS LLL LL LS ‘pw DH NE VAVAN 





(9] 
OX Ee 


CLLLLYNLAS 


1) A write occurs during the overlap of a low CSi,a high CS2 and a low WE. A write begins at the latest transi- 
tion among CS] going low, CS2 going high and WE going low. A write ends at the earliest transition among 
CSI going high, CS2 going low and going high, typ is measured from the beginning of write to the end 
of write. 

2) tow is measured from the later of C51 going low or CS2 going high to the end of write. 

3) tag is measured from the address valid to the beginning of write. 

4) twp is measured from the earliest of CSI or WE going high or CS2 going low to the end of write cycle. 

5) During this period, 1/O pins are in the output state, therefore the input signals of opposite phase to the outputs 
must not be applied. 

6) If CST goes low simultaneously with WE going low or after WE going low, the outputs remain in high im- 
pedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) Dout is the read data of next address. 

9) If CSI is low and CS2 is high during this period, 1/O pins are in the output state. Therefore, the input signals 
of opposite phase to the outputs must not be applied to them. 
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HM6264A Series 


m LOW Vcc DATA RETENTION CHARACTERISTICS (7, = 0 to +70°C) 
This characteristics is guaranteed only for L/LL-version. 


fem Symbol 


CSi2 2 = 

Vcc for Data Retention VpR ease eee ah a 20 | 
Voc = 3.0V 

Data RetentionCurrent IecpR | C81 2Vcc-0.2V 


[typ | max | Unit 


ie | soe 
25 "2 BA 
CS2 2 Vcc -0.2V or OVSCS2S0.2V,0VSV in 


Chip Deselect to Data Retention 
Time 


= | m 
ee 


Notes) *1. Vzz min = -0.3V, 20uA max at Ty=0 to 40°C, This characteristics is guaranteed only for L-version. 
*2. Viz min = -0.3V, 104A max at Tg = 0 to 40 C, This characteristics is guarnteed only for LL-version. 
*3. trc = Read Cycle Time 


See Retention Waveform 


S 
Es) 


Operation Recovery Time 


© LOW Vcc DATA RETENTION WAVEFORM (1) (GS1 Controlled) 
Data Retention Mode 











CS12V cc - 0.2V 


OVS ee ig a eS ee es Be en ee ee ER el eens 


® LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlled) 


ee __ Data Retention Mode —_ 











CS2 £ 0.2V 


OV> SS > Be ey Sees _ -— a - a a a reed 


Note) In Data Retention Mode, CS2 controls the Address, WE, CSI, OE and Din buffer. If CS2 controls data retention 
mode, Vin for these inputs can be in the high impedance state. If CS1 controls the data retention mode, CS2 must 
satisfy either CS2 >Vcc—0.2V or CS2 ¢ 0.2V. The other input levels (address, WE, OE, I/O) can be in the high 
impedance state. — 
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HM6264A Series 


SUPPLY CURRENT VS. SUPPLY CURRENT VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Norm. 


Magdy Curent keke 
Supply Current Accider2 Normalized 





Sapp Vedra tee Ambient Temperature TiC 
SUPPLY CURRENT VS. ACCESS TIME VS. 
FREQUENCY LOAD CAPACITANCE 





Froqnenes £ MH? Load Capacitance (1. pF! 
ACCESS TIME VS. ACCESS TIME VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Normatia 


Access Time faa too 
Access Time tas.tco «Normalised: 





Supply Voltage Voe V Ambient Temperature Ta iT) 
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HM6264A Series 


58 


INPUT LOW VOLTAGE VS. INPUT HIGH VOLTAGE VS. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 








i 
i § 
i i 
4 ; 
; ‘ 
3 = 
Supply Voltage Veo Vo sage ata tie: °F 
OUTPUT CURRENT VS. OUTPUT CURRENT VS. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
t E 
i 5 
3 : 
E : 
(utpot Voltage Var \ 
Output Voltage Vow (V) 
STANDBY CURRENT VS. STANDBY CURRENT VS. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


10 


_ 5 
z z 
3 Fs 
E 
§ 3 
8 z 
3 = 
5 = 
21 < 
FS z 
& = 
Eos 3 
5 = 
o u 
r= 
S & 
aH Tt. 





On 
4) 20 40 60 xO 


Ambient Temperature fu «C) © HITACHI Supply Voltage Veo (WV 
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HMG288 Series 


16384-word X 4-bit High Speed CMOS Static RAM 


The Hitachi HM6288 is a high speed 64k static 
RAM organized as 16-kword x 4-bit. It realizes 
high speed access time (25/35/45 ns) and low 
power consumption, employing CMOS process 
technology. 

It is most advantageous for the field where high 
speed and high density memory is required, such 
as the cache memory for main frame or 32-bit 
MPU. 

The HM6288, packaged in a 300 mil plastic DIP 
and SOJ, is available for high density mounting. 
Low power version retains the data with battery 


(DP-22NB) 





back up. 

MFEATURES 

®@ Single 5V Supply and High Density Plastic Package. (CP-24D) 
@ High Speed: Fast Access Time 25/35/45 ns (max.) MIPIN ARRANGEMENT 


@ Low Power dissipation 
Active mode 300mW (typ.) 
Standby mode 100uW (typ.) 
@ Completely Static Memory 
No Clock or Timing Strobe Required. 
@ Equal Access and Cycle Times. 
@ Directly TTL Compatible — Al! Inputs and Outputs. 


em ORDERING INFORMATION 


Access Time 


@ HM6288P Series 












Package 





Type No. 
HM6 288P-25 










300 mil 
HM6288P-35 22-pin 
HM6288LP-25 Plastic DIP 
HM6288LP-25 
HM6288LP-35 (DP-22NB) 
HM6288JP-25 : 
HM6288JP-35 300 mil 

24-pin 





HM6288LJP-25 
HM6288LJP-35 


MBLOCK DIAGRAM 
Ao @ 
ALO 
A: O 
AiO 


SOJ (CP-24D) 





pe Veo 


Memory 







we I's5 
Array 










Decoder 





(Top View) 


128 Rows 


Al2 Columns 


WPin Description 
Pin Name 





Input 





Data 1/01-1/04 


Control 





Ground 
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Function 







Input/Output 
Chip Select 
Write Enable 


Power Supply 
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ABSOLUTE MAXIMUM RATINGS 


| Symbol | Rating 

-05"'to +7.0 
0 to +70 
-10 to +85 


Note: *1. Vr min.=—2.0V for pulse widthS10ns 









Item 





Voltage on Any Pin Relative to Vss 





Power Dissipation 












Operating Temperature 


Storage Temperature 





Temperature under Bias 





WTRUTH TABLE 


Read'Cycle 1, 2 
Write Cycle 1, 2 





| ve | so] ts 
Supply Voltage 


Note: #1. Viz min.= —2.0V for pulse widths 10ns 


MDC AND OPERATING CHARACTERISTICS ( 72=0 to +70°C, Vec=5V + 10%, Vss =0V) 


OuputtakageCurent | Iho! [CS=Vnvron Von ve | =| - | _¥ | an 

Operating Power Supply Current mA 

Standby Vec Current | Ise |CS=Vin, min. cycle mA 
[fsa 


Le 
—— 
Tsai CS2 Vec —0.2V mA 
Peete al 
| 4 


<j<i< 


ce 

Iss 

#2 

%3 mA 


Notes: #1. Typical limits are at Vcc =5.0V, Ta = +25°C and specified loading. 
#2. P version 
* 3. LP version 


MECAPACITANCE ( 7a=25°C, f=1.0MHz) 


Symbs 


Note: This parameter is sampled and not 100% tested 










Parameter 











Input Capacitance 






Input/Output Capacitance 
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MAC CHARACTERISTICS 

@ AC Test Conditions 
input pulse levels: OV to 3.0V Input and Output timing reference levels: 1.5V 
Input rise and fall times: 5Sns Output load: See Figure 


5V 
5V 
4800 awe 
Dout Dout 
2550 0p F* aed pF* 
Output Load (A) 
Output Load (B) 
#Including scope & jig. (for ty7z, thz, twz & tow) 


® READ CYCLE 





ron sym HM6288-25 | HM6288-35 | |, 
| min | max | min | max | 
Read Cycle Time | trc | 25 | - | 35 | - | ns 
Address Access Time taa | - | 25 | - | 35 | ns 
Chip Select Access Time tacs| - | 25 | - | 35 | ns 
Output Hold from Address Change | ton | 3 | - | 5 | - [ ns 
Chip Selection to Output in Low Z | trze | 5s [| - {| 5 | - [ ns 
Chip Deselection to Output in High Z | tyze| 0 | 12 | 0 {| 20 | ns 
Chip Selection to Power Up Time tpy fr of - | of - | ns 
Chip Seselection to Power Down Time | tpep | - {| 25 | - | 30 | ns 


@ Transition is measured + 200mV from steady state voltage with Load(B). 
This parameter is sampled and not 100°%o tested. 


® Timing Waveform of Read Cycle No.1 [1] [2] 


tac 


Provious | VA | 


Data Valid OXY 


® Timing Waveform of Read Cycle No.2 (1] (3) 








Address 





tac 









: ee | 

i ea i 
os x 06 Si 
Vee supply 


current 


Notes: 1. WE is High for ReadCycle. 
2. Device is continuously selected, CS= Vii. _ 
3. Address Valid prior to or coincident with CS transition Low. 
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HM6288 Series 


a WRITE CYCLE 


Parameter l 


2 
= 3 
a 
° 
<= 
= 
a 
ne) 
00 
0 
Ne 
LF) 
ae 
= 
a 
wv 
0 
90 
Ww 
ws 
q 
2. 


Pm 
mo 
= 
E BE 8 E 8 
nN oO Sl oln 
2/efelele B 
oS | O] un 


Write Cycle Time 
Chip Selection to End of Write 
Address Valid to End of Write 


J 
a 


g 
= 





Address Setup Time | - | | - | ns 
Write Pulse Width | twp | | - | | - | ns 
Write Recovery Time fT - | of - | ns 
Date Valid to End of Write | =- {| 2 | - | ns 
Data Hold Time toH HOR Mien “3 ns 
Write Enabled to Output in High Z twz* | 0 | 10 | ns 
Output Active from End of Write | towe| 5 | - [| 5S f{ - | ns 


* Transition is measured + 200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100”, tested. 


®@ Timing Waveform of Write Cycle No.1 (WE Controlled) 


twe 








Address 








7° SOO AI IL ATLL IT. 


Leese 
i ANN ak 
: OK em | KX 


Si LET I es High Impedance 
Roe SN Ne ee LLIN 
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a —§—$—= HM6288 Series 


© Timing Waveform of Write Cycle No.2 (cS Controlled) 


twe 

















Se SAR ILL IT ATS TTT. 


~  SRRXXKERKKREK | KEKE 


Dout High Impedance *4 


Notes) 1. A write occurs during the overlap of a low CS and alow WE. (twp) 

2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the 
outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE 
transition, the output buffers remain in a high impedance state. 

5. If CS is low during this period, !/O pins are in the output state after tow. Then the data input signals 
of opposite phase to the outputs must not be applied to them. 

6. Dout is the same phase of write data of this write cycle, if twr is long enough. 


@ Low Vcc Data Retention Characteristics (7a=0 to + 70°C) 
(This Characteristics is guaranteed only for L-version. ) 






































pees eae 
Parameter Symbol} Min Typ | Max | Unit Test Conditions 
[sre ain as 
Vcc for data retention Vor 2.0 - - Vv CS2 Vec -0.2V 
+ ———+ Vin 2 Vcc -0.2V or 
; 50”) 
Data retention current Iccpr - = 35 HA | OVS Vin S0.2V 
Chip deselect to data 7 a ” 
: ; tcpR 0 ns 
retention time 
T te See retention waveform 
Operation recovery time tr trc! a - ns | 











NOTE : 1. trc=Read cycle time 
2. Veco =3.0V 
3. Vec=2.0V 


Low Vcc Data Retention Waveform 


Data Retention Mode 


CS2 Vee —0.2V 
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HM6288 Series 


Access Time taa, tacs (Normalized) 


Access Time taa,tacs (Normalized) 


64 


SUPPLY CURRENT VS. SUPPLY VOLTAGE 


Supply Current Icc (Normalized) 


Supply Voltage Vcc (V) 


ACCESS TIME VS. SUPPLY VOLTAGE 











SUPPLY CURRENT VS. AMBIENT TEMPERATURE 


Supply Current Icc (Normalized) 





Ambient Temperature Ta (°C) 


ACCESS TIME VS. LOAD CAPACITANCE 





z 
a 
E 
z 
g 
z 
g 
& 
g 
1s] 
< 
Supply Voltage Vce (V) Load Capacitance Ci(pF) 
ACCESS TIME VS. AMBIENT TEMPERATURE SUPPLY CURRENT VS. FREQUENCY 
‘s 100 50 33 25 20 T (ns) 
_ 10 
z 
3 
—E 09 
i-} 
2 
& 08 
5 
— 
| 
oS 07 
2 
a 
a 
a 
0.6 
059 i020. 30. 40 50 
Ambient Temperature Ta (°C) Frequency f (MHz) 
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Low Level Input Voltage Vii (Normalized) 


High Level Output Current Iou( Normalized) 











LOW LEVEL INPUT VOLTAGE VS. 
SUPPLY VOLTAGE 








Supply Voltage Vcc (V) 


OUTPUT CURRENT VS. OUTPUT VOLTAGE(1) 





High Level Output Voltage Vou (V) 


STANDBY CURRENT VS. AMBIENT TEMPERATURE 


Standby Current Iccor (Normalized) 








0 20 40 60 80 


Ambient Temperature Ta (°C) 


HM6288 Series 


HIGH LEVEL INPUT VOLTAGE VS. 
SUPPLY VOLTAGE 


High Level Input Voltage Viu( Normalized) 





Supply Voltage Vcc (V) 





OUTPUT CURRENT VS. OUTPUT VOLTAGE(2) 





Low Level Output Current lo. (Normalized) 





“0 0.2 0.4 0.6 0.8 


Low Level Output Voltage Voi (V) 


STANDBY CURRENT VS. SUPPLY VOLTAGE 





Standby Current Iss: (Normalized) 

















Supply Voltage Vcc (V) 
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HM6288 Series 


STANDBY CURRENT VS. INPUT VOLTAGE 


Ta=25T 
Vee =5.0V 


Standby Current Iss: (Normalized) 





0 1 2 3 4 5 6 


Input Voltage Vin (V) 
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HM6788 Series 
16384-word x 4-bit High Speed Hi-BiCMOS Static RAM 


WFEATURES 
@ Super Fast Access Time : 25/30ns (max.) 
@ Low power Operation 
Operating: 230mW (typ), Standby: 10mW (typ) 
@ +5V Single Supply 
@ Completely Static Memory — 
No Clock or Timing Strobe required 
@ Balanced Read and Write Cycle Time 
@ Fully TTL compatible Input and Output 


@ ORDERING INFORMATION 


Access Time 















Package 


300 mil 22 pin 
Plastic DIP 





HM6788P-25 
HM6788P-30 






MIBLOCK DIAGRAM 


Memory Matrix 
128 X512 


Control 










MABSOLUTE MAXIMUM RATINGS 
fe [| 





Terminal Voltage to Vss pin 






Power Dissipation 







Operating Temperature 





Storage Temperature (with bias) 





Storage Temperature 





@ HITACHI 


Maintenance Only 


Refer to HM6788HA Series 





(DP-22NB) 


WPIN ARRANGEMENT 





(Top View) 
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HM6788 Series 





MTRUTH TABLE 





x: Horl 


HIRECOMMENDED DC OPERATING CONDITIONS (0°C = 7as 70°C) 


Supply Voltage 


Input High Voltage 


Input Low Voltage 





Note) #1. —3.0V with 20ns pulse width. 


MDC AND OPERATING CHARACTERISTICS ( Vec=5V + 10%, Ta=0°C to +70°C) 


Input Leakage Current | Zur | Vec=5.5V, Vin=Vss to Vc 


Output Leakage Current |fzo| | CS= Via, Vi/o= Vss to Vec 


jin | typ | max 
eal ican Be! 
fseras| ee ee 
[B= Vinti/omoma | | | oma 

cae ee 

: Pa ae 
ae a ee 
a 


Unit 


Opearating Power Supply Current 


Average Operating Current 


I 
Standby Power Supply Current — 
Tse CS2 Vec-0.2V, VivS0.2V or Vive Vec—0.2V 


cc 
SB 
Vou 
Vou 


Teei Min. Cycle, Duty: 100% 


wAC CHARACTERISTICS (Voc = 5V +10%, 7, = Oto +70°C, unless otherwise noted) 
@ AC Test Conditions 


Input pulse levels: Vsg to 3.0V Input and Output reference levels: 1.5V 
Input rise and fall time: 4ns Output Load: See Figure 
+5V 
+5V 
4802 
Dout 
480Q 
Dout re 
255Q 7 
255Q sa 


@ Including scope and jig. 


Output Load B 
Output Load A ((CHZ. tWHZ. 'CLZ, tow) 
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HM6788 Series 


@READ CYCLE 














































































HM6788-25 HM6788-30 : 
Item Symbol Unit 
Address Access Time taa 25 = a 30 ns 
+ = T 
Chip Select Access Time tacs 25 - 30 4} ns 
Chip Selection to Output in Low Z terz* : 0 | ns 
—+ 
Chip Deselection to Output in High Z tcuz* ? oa 10 0 12 ns 
Se > _——----—_— 
Output Hold from Address Change tou Pos fe | 5 = ns 
Chip Selection to Power Up Time! trv ee ae a 0 a ns 
SSS Se So as a Se SN ORD { —_ 8, 
Chip Deselection to Power Down Time*! trp | = fe | = 30 ns 
Bas (Serr ean enone son 
Input Voltage Rise/Fall Time*?* tr : 150 aS iy 150 ns 
— — 
Notes) * 1. This parameter is sampled and not 100% tested. 
#2. Transition is measured + 200mV form steady state voltage with Load (B). This parameter is sampled and not 100%, tested 
*3. [f ty becomes more than 150ns, there is possibility of function fail. 
please contact your nearest Hitachi Sales Dept. regarding specification. 
hy ance 1,22 
@ Timing waveform of Read Cycle No. 1 
tHe 
Address 
Dou 
. . *4 *3 
®@ Timing waveform of Read Cycle No. 2 © ie 
High Impedance 
Dout 
High Impedance 
Note) *1. WE = Ving 
*2. CS=Vyy -_ 
*3. Address valid prior to or coincident with CS transition Low. 
@ WRITE CYCLE 
HM6788-25 HM6788-30 
Item Symbo! ; aan Unit 
min max min max 


Write Cycle Time twe a 30 aa ns 
Chip Selection to End of Write teow | oo [| - | 25 ~ ns 


Address Setup Time tas ; oo | 0 7 ns 












































Address Valid to End of Write taw 20 > 25 = ns 
Write Pulse Width twp 20 = 25 lr = ns 
Write Recovery Time Ie twr 0 _ 0 Hae ns 
Write to Output in High Z twuz*) 0 10 0 = 12 ns 
Data Valid to End of Write T tow 15 e 15 a ns 
Data Hold Time qt, tox § ae 5- a eae ng 
Output Active from End of Write tow *! 0 _ 0 | — ns 








*1. Transition is measured + 200mV from steady state voltage with Lood(B). 


This parameter is sampled and not 100%. tested. 
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HM6TSS S06 SS 


© Timing waveform of Write Cycle No. 1 (WE Controlled) 







Address 






Bl 


AN a 77 


\ 
ae 


LISI ALL SIS 





High Impedance 


© Timing waveform of Write Cycle No. 2 (CS Controlled) 


Address ee eee eee 


tas 


ia 
_ os 
77 


twuz 


High Impedance High Impedance 


a / tow ton 
ee 
Din (¥ Data Valid ¥K KX re. 
/\\ P/\/\/V/\/\ 
Notes) *1. A write occurs during the overlap (twp) of a low CS and a low WE. 
*2. During this period, 1/O pins are in the output state so that the input signals of 
Opposite phase to the outputs must not be applied. 
*3. Dout is the same phase of write data of this write cycle. 
*4, If the CS low transition occurs after the WE low transition, output remain in a 
high impedance state. 
*S. If CS is low during this period, 1/O pins are in the output state. Then, the data 
input signals of opposite phase to the outputs must not be applied to them. 


*6. twR is measured from the earlier of CS or WE going high to the end of write cycle. 
WECAPACITANCE ( Ta= 25°C, f=1.0MHz) 


al 






Conditions 
Input Capacitance 






Input/Output Capacitance Vorr =0V 


Note) This parameter is sampled and not 100s tested. 
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HM6788H Series ——\___ Maintenance Only 
16384-word x 4-bit High Speed Hi-BiCMOS Static RAM Refer to HM6788HA Series 


Features 
@ Super Fast Access Time : 15/20ns (max.) 
@ Low power Operation 
Operating: 280mW (typ) 
@ +5V Single Supply 
@ Completely Static Memory — 
No Clock or Timing Strobe required 
@ Equal Access and Cycle Times 
® Fully TTL compatible Input and Output (DP-22NB) 


Ordering Information 





Pin Arrangement 





Type No. Access Time Package 
HM6788HP-15 15ns 300 mil 22 pin 
HM6788HP-20 20ns Plastic DIP 
Block Diagram 


Memory Matrix 


128x512 


enter = | Column VO 


Selene vO | asses 





(Top View) 





Absolute Maximum Ratings 


Item Symbol Rating Unit 
Terminal Voltage to Vss pin Vr —0.5to +7.0 V 
Power Dissipation Pr 1.0 "WwW 
Operating Temperature Tope Oto +70 °C 
Storage Temperature (with bias) Tate (bias) —10to +85 Cc 
Storage Temperature Tus —55to +125 °C 


Note) The specifications of this device are subject to change without notice. 
Please contact Hitachi’s Sales Dept. regarding specifications. 
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HM6788H _ Series 








Truth Table 
CS WE Mode Vec Current 1/O Pin Ref. Cycle 
x Not selected Isa, [sui High Z - 
Read Ice, Ices Data Out Read Cycle (1), (2) 
L Write Ice, Tec Data In Write Cycle (1), (2) 
x: HorL 


Recommended DC Operating Conditions (0°C s Tas 70°C) 








Item Symbol min typ max Unit 
Vee 4.5 5.0 5.5 Vv 
Supply Voltage ia . 5 ; 
Input High Voltage Vin 2.2 = 6.0 V 
Input Low Voltage Vin —0.5"! ~ 0.8 Vv 


Note) *1. -3.0V with 10ns pulse width. 


DC and Operating Characteristics ( Vec=5V + 10%, Ta=0°C to +70°C) 


Item Symbol Test Conditions min typ max Unit 
Input Leakage Current {Zur | Vec=5.5V, Vin= Vss to Vec - - 2 HA 
Output Leakage Current |fto| CS=Vin, Vi/o= Vss to Vec - - 10 uA 
Opearating Power Supply Current Icc CS= Vit, 11 /o=0mA - = 100 mA 
Average Operating Current Tec, Min. Cycle, Duty: 100% J1/0 =OmA - = 120 mA 
Standby Power Supply Current EP Ima NO eee cee CN ot ae ds - - = = 
Tsay CS2 Vec-0.2V, VisS0.2V or Vive Vec—0.2V - = 10 mA 
Output Low Voltage Vou lo. =8mA - = 0.4 V 
Output High Voltage Vou lon= —4mA 2.4 ~ ~ Vv 


AC Characteristics (Voc = 5V +10%, 7, = 0 to +70°C, unless otherwise noted) 


@ AC Test Conditions 
Input pulse levels: Vsg to 3.0V Input and Output reference levels: 1.5V 
Input rise and fall time: 4ns Output Load: See Figure 


@ Including scope and jig. 


Output Load B 
Output Load A (tHzZ, tLZ, twz, tow) 
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HM6788H Series 





Read Cycle 
Item Symbol a aah aog Unit Note 
min max min max 
Read Cycle Time tre 15 - 20 - ns 
Address Access Time taa - 15 - 20 ns 
Chip Select Access Time tacs - 15 - 20 ns 
Chip Selection to Output in Low Z trz 3 - 3 ~ ns 1,2 
Chip Deselection to Output in High Z tHz 0 6 0 8 ns 1,2 
Output Hold from Address Change ton 3 - 3 - ns 





Note) «1. This parameter is sampled and not 100% tested. 
*2. Transition is measured +200mV from steady state voltage with specified loading in Load B. 


@ Timing waveform of Read Cycle No. 1*!*? 


Address 





Data Out 


High Impedance 





Note) *1. WE = Viz 
*2. CS=Vy7z 
*3, Address valid prior to or coincident with CS transition Low. 


Write Cycle 
Item Symbol ect sald Unit Note 
min max min max 
Write Cycle Time twe 15 - 20 - ns 2 
Chip Selection to End of Write tow 10 - 15 - ns 
Address Setup Time tas 0 - 0 - ns 
Address Valid to End of Write taw 10 - 15 - ns 
Write Pulse Width twp 10 - 15 - ns 
Write Recovery Time twR l 7 l = ns 
Write Enable to Output in High Z twz 0 6 0 8 ns 3,4 
Data Valid to End of Write tow 9 - 10 - ns 
Data Hold Time ton 0 - 0 - ns 
Output Active from End of Write tow 0 _ _ ns 3,4 


Note) 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6788H Series 


® Timing waveform of Write Cycle No. 1 (WE Controlled) 


* wi LTTTNTT 


taw ————_—___—_> 


+<—_——— twp *1 —_____» 
ay fl 
High Impedance es i ed High Impedance 
/\ Data Valid | x) toH"6 
iq tow*s y 


tw" 3 


meno CC 


© Timing waveform of Write Cycle No. 2 (CS Controlled) 





Address 


High Impedance *4 





Note)*1.A write occurs during the overlap of a low CS and a low WE. (twp) 
*2.twr is measured from the earlier of CS or WE going high to the end of write cycle. 
*3, During this period, I/O pins are in the output state so that the input signals of opposite 
phase to the outputs must not be applied. 


*4.1f the CS low transition occurs simultaneously with the WE low transition or after the 
WE transition, the output buffers remain in a high impedance state. 


*5.1f CS is low during this period, I/O pins are in the output state. Then the data input 
signals of opposite phase to the outputs must not be applied to them. 


*6. Data Out is the same phase of write data of this write cycle. 


Capacitance ( 72=25'C, f=1.0MHz) 





Item Symbol min typ max Conditions 
Input Capacitance Cin as = 6.0 Vin=0V 
Input/Output Capacitance C1/o - - 10 Viio=0V 


Note) This parameter is sampled and not 100% tested. 
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HM6788HA Series 


16384-Word x 4-Bit High Speed Static RAM 
@ FEATURES 


e Super Fast 

ACCESS TIMO: 26 oss cons eee ewes: 12/15/20ns (max.) 
e +5V Single Supply 
¢ Low Power Dissipation 

(DC) Operating isis tees cance eee ieee. 300mW (typ.) 
¢ Completely Static Memory 

No Clock or Timing Strobe Required 
¢ Fully TTL Compatible—All Inputs and Outputs 


@ ORDERING INFORMATION 


Access Time 


12ns 
15ns 
20ns 


Package 


300 mil 22 pin 
Plastic DIP 
(DP-22NB) 















HM6788HAP- 12 
HM6788HAP-15 
HM6788HAP-20 





@ BLOCK DIAGRAM 











Aso —oVec 
A? O —OVss 
Aso Memory Matrix 

Aso 128 X 512 








Column I/O 


O20 Column Decoder 
1/03 0 
ra VW Wy W Ls Ly LW, LW 
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— —____—_—_—_——_— Preliminary 





(DP-22NB) 


@ PIN ARRANGEMENT 





oODOnN Oath DON — 


(Top View) 
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HM6788HA Series 
@ ABSOLUTE MAXIMUM RATINGS 


fem Uni 
Voltage on Any Pin Relative to Vss V 
Power Dissipation W 
Operating Temperature °C 
Storage Temperature ss 
Temperature Under Bias “Cc 
@ RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C) 
item Symbor | Min [Typ] Max [Uni 
ke Vv 
[Wes [00 | 00 | 00 |v 
Input High (Logic 1) Voltage | Va | 22 | — | 60 | Vv 
Input Low (Logic 0) Voltage Vit | 3.0% | — | 08 | Vv 


*Pulse width < 10ns, DC: -0.5V 


@ TRUTH TABLE 






Ref. Cycle 


[Mode [Vee Current [10 Pin 
Not Selected 


™ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, Vss = OV) 











Read Cycle (1), (2) 
Write Cycle (1), (2) 








item Symbol] Text Condition | Min. | Typ. | Max. | Uni 
Input Leakage Current Il =| Veco = 5.5V, Vin = Vss to Vcc Les | pA 


QD 


Output Leakage Current S = Vin, Vio = Vss to Vec 


| 


meas 

aoe 
Operating Power Supply Current CS = Vy, lyo, = OMA | — | — | 100 | mA 
Average Operating Current | lcci | Min. Cyele Duty 100% yo = OmA | — | — | 20 | mA 
Standby Power Supply Current | Igp [€S=V SSS | | 30 ma 
Standby Power Supply Current (1) Ss Toy che > Voce - 0.2V P=] = | | mA 
Ouiput Low Vohge [Vor Jin =tma SSCs | pV 
Outpt High Vole [Vou [lon = ma ———SSCS~CS—~i A PP 


@ AC TEST CONDITIONS 


¢ Input Pulse Levels: Vos to 3.0V ¢ Input Rise and Fall Times: 4ns 
¢ Input Timing Reference Levels: 1.5V © Output Reference Levels: 1.5V 
© Output Load: See Figure 


+5 V +5 V 


4800 Dout 4800 
30 pF * 25502 5 pF * 


Output Load B 
Output Load A (for tyz, tz, twz» & tow) 





*Including scope and jig capacitance. 
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HM6788HA Series 


@ CAPACITANCE (T, = 25°C, f = 1.0MHz) 
Conditions 


Input Capacitance 
Input/Output Capacitance 
NOTE: This parameter is sampled and not 100% tested. 





@ AC CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, unless otherwise noted.) 


¢ Read Cycle 

ag ene 
Read Cyele Time es PS ee WO 
Address Access Time Wi ee ne we we 
Chip Select Access Time Bee ee 
Output Hold from Address Change | ton | 4 | — | 4 | — | 4 | — [ os | — 
Chip Selection to Output in Low Z ltz | 3 | — | 5 | — [| 5 [ — | ns | 1,2 
Chip Deselection to Output in High Z | ti | Oo | 6 | o | 6 | O | 8 | os | 1,2 


NOTES: 1. This parameter is sampled and not 100% tested. 
2. Transition is measured + 200mV from steady state voltage with specified loading in Load B. 





e Write Cycle 


a me 
| Min. | Max. | Min. | Max. | | Min. | | Max. | 

Write Cycle Time fie 2 ee we wD 
Chip Selection to End of Write | tw] 8 | — | © | = | 6 | = | ow] = 
Address Valid to End of Wrie | tw | @ | — | | — | 8 | — |» | — 
Address Setup Time (eae ee 
Write Pulse Width mee ee a cae 
Write Recovery Time aes ee eee 
Data Valid to End of Wit ae ae oe ee 
Data Hold Time ip 0 fee 0a Oc ea ee 
Write Enable to Output in High Z | twz | O | 6 | oO | 6 | O | 8 | ns | 3,4 
Output Active from End of Write 1 tw | 3 | — | 3 | — | 3 J — [ os | 3,4 


NOTES: _ 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All write cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured + 200mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6788HA Series ————— 


@ TIMING WAVEFORM 
¢ Read Cycle (1) (1) (2) 


Address 


Data Out Previous Data Valid xX xX xxX> Data Valid 





© Read Cycle (2) (1) (8) 





Data Out CXXXKK > Data Valid 
High 
Impedence 


High Impedence 


NOTES: 1. WE is High for READ cycle. 
2. Device is continuously selected, CS = VIL 
3. Address valid prior to or coincident with CS transition low. 
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se ee ee eee se eS HM6788HA Series 





e Write Cycle (1) (WE Controlled) 


two 


Address 





re Qs MMLLLLLLLLLLLL 


twe(1) 













te Se 
oe High Impedance =~ aan i YY High Impedance 
tow (5) ton (6) 
Ti LL LL LLL Lee NN High Impedance XD & 
Data Out YX XV NVNANAANA NSA J\/\ 


¢ Write Cycle (2) (CS Controlled) 


Address 


We ALLL 
patel XXXRKXXXKKKKXKKKKED <TXKXXEKE 


High Impedance (4) 





Data Out 


NOTES: 1. A write occurs during the overlap of a low CS and a low WE (twp). 
2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 


3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 


4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 


5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the 
outputs must not be applied to them. 


6. Dout is the same phase of write data of this write cycle. 
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HM6289 Series 


16384-Word x 4-Bit High Speed CMOS Static RAM (with OE) 


The Hitachi HM6289 is a high speed 64k static RAM organized 
as 16-kword x 4-bit. It realizes high speed access time (25/35/45 ns) HM6289 Series 
and low power consumption, employing CMOS process technology. 

It is most advantageous for the field where high speed and high 
density memory is required, such as the cache memory for main 
frame or 32-bit MPU. 

The HM6289, packaged in a 300-mil SOU, is available for high 
density mounting. Low power version retains the data with battery 
back up. 


Features 
° High speed 
Access time: 25/35 ns (max) 
¢ High density 24-pin SOJ package 
¢ Low power 
Active mode: 300 mW (typ) 


Standby mode: 100 pW (typ) 
« Single 5 V supply 
¢ Completely static memory 
No clock or timing strobe required 
e Equal access and cycle times 
¢ Directly TTL compatible: All inputs and outputs 


Ordering Information 





Type No. Access Time Package op New) 
HM6289JP-25 25 ns 300-mil 
HM6289JP-35 35 ns 24-pin 
HM6289LJP-25 25 ns SOJ Pin Description 
HM6289LJP-35 35 ns (CP-24D) Pin Name Function 
A0-A13 Address 
Block Diagram 01-104 Inputoutput 
CS Chip select 
OE Output enable 
WE Write enable 
Vec Power supply 
128x812 Vss Ground 
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Function Table 
CS OE WE Mode Vcc Current Y/O pin 
H x x Not selected Isp, Ispi High-Z 
L L H Read Icc Dout 
L H L Write Icc Din 
L L L Write Icc Din 
Note: x; HorL 
Absolute Maximum Ratings 
Item Symbol Value 
Voltage on any pin relative to Vss Vin ~0.5"! to +7.0 
Power dissipation Pr 1.0 
Operating temperature range Tope 0 to +70 
Storage temperature range Tug ~55 to +125 
Storage temperature range under bias Toias -10 to +85 


Note: *1. Vin min =-2.0 V for pulse width < 10 ns. 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Item Symbol Min Typ 

Supply voltage Vec 4.5 5.0 
Vss 0 0 

Input high (logic 1) voltage Vin 2.2 — 
Input low (logic 0) voltage Vii ~0.5"! — 


Note: *1. Vii min =-2.0 V for pulse width < 10 ns. 


DC Characteristics (Ta = 0 to +70°C, Vcc = 5 V+ 10%, Vss = 0 V) 


Item Symbol Min Typ’! Max 
Input leakage current Tul — — 2.0 
Output leakage current iLLol — — 2.0 
Operating Vcc current Icc —_ 60 120 
Standby Vcc current Isp — 15 30 
Standby Vcc current (1) Ispi*? — 0.02 2.0 

Ispi"? _ 0.02 0.1 
Output low voltage VoL — — 0.4 
Output high voltage Vou 2.4 — — 


Notes: *1. Typical limits are at Vcc = 5.0 V, Ta = +25°C and specified loading. 
*2. P-version 
*3, LP-version 


Capacitance (Ta = 25°C, f = 1MHz) 


Item Symbol Min Typ Max 
Input capacitance Cin — — 6 
Input/output capacitance Cyo —_— —_ 8 
Note: This parameter is sampled and not 100% tested. 
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Unit 


pA 
pA 
mA 
mA 
mA 


mA 


V 
V 


HM6289 Series 


Ref. Cycle 
Read cycle (1)-(3) 
Write cycle (1)-(2) 
Write cycle (3)-(6) 


Unit 


°C 
= 
eC 





Max 
5.5 


Unit 


6.0 
0.8 


° 
<<<] < 


Test Conditions 
Vcc = Max 
Vin = OV to Vcc 
CS = Vin 
Vyo = 0 V to Vcc 
CS = Vu, Ivo = 0 mA, 
Min. cycle 
CS = Vm, Min. cycle 
CS 2 Vcc- 0.2 V 
OV s Vins 0.2 V or 
Vcc - 0.2 V $ Vin 
To. = 8mA 
Jou = -4.0mA 


Unit 
pF 
pF 


Test Conditions 
Vin=0V 
Vio=0V 
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HM6289 Serles 


AC Characteristics (Ta = 0 to +70°C, Vcc = 5 V + 10%, unless otherwise noted.) 
Test Conditions 


Input pulse levels: Vss to 3.0 V 
Input rise and fall times: 5 ns 

Input and output timing reference levels: 1.5 V 
Output load: See figures 








Output Load (A) Output Load (B) 
(for (CHZ, ICLZ, tOHZ, LOLz, twirz & tow) 
+5V +5V 
4800 4802 
Dout z Dout 
2550 30pF 2552 SpF * 





Note: * Including scope & jig. 



































Read Cycle 

HM6289-25 HM6289-35 ‘ 
iat Symbol Min Max Min Max 
Read cycle time tRc 3 — 35 — ns 
Address access time tAA — 25 — 35 ns 
Chip select access time tacs — 25 — 35 ns 
Chip selection to output in low-Z tci2"! 5 — 5 a ns 
Output enable to output valid toE — 12 — 15 ns 
Output enable to output in low-Z toz”! 0 — 0 — ns 
Chip deselection to output in high-Z cuz"! 0 12 0 20 ns 
Chis disable to output in high-Z touz"! 0 10 0 10 ns 
Output hold from address change ton 3 — 5 — ons 
Chip selection to power up time (PU 0 — 0 — ns 
Chip deselection to power down time pp — 25 — 30 ns 





Note: *1. Output transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% 
tested. 
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sence HM6289 Series 


Read Timing Waveform (1)" 


Z 7 - ZZ i 
— ; LITTZZ 


sea 777 


tacs 


ee coe 








al 





al 








Read Timing Waveform (2) '':?"* 





Address 


Dout 





Read Timing Waveform (3) "'."*."* 


High Impedance 








Notes: *1. WE is high for read cycle. = 
*2. Device is continuously selected, CS = VIL. 
*3. Address valid prior to or coincident with CS transition low. 

































































*4. OE = Vi. 
Write Cycle 
——e - HM6289-25 HM6289-35 
Item Symbol ae Mi Min Max Unit 

Write cycle time  twe 25 — 35 — ns 
Chip selection to endof write tcw 20 — 30 — ns 
Address valid to end of write taw 20 —_ 30 — ns 
Address setup time tas 0 —_— OY See ns 
Write pulse width # wep 20 — 30 oes ns 
Write recovery time ee _twR ree) — 0 _— ns 
Output disable to output in high-Z"! _ tonz 0 10 0 10 ns 
Write to output in high-Z*! tWHZ 0 8 0 10 ns 
Data to write time overlap ipw 12 — 20 — ns 
Data hold from write time (DH 0 —_— 0 — ns 
Output active from end of write”! tow FS — 5 — ns 





Note: *1. Output transition is measured + 200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% 
tested. 
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HM6289 Series 


Write Timing Waveform (1) (OE = High, WE = Controlled) 


| orem ero 
' WAS ZT? 
MS 


RXR = KKK 


High Impedance 


ge GS eeaneneny 197 002: 


» REX XXX 


High Impedance 
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HM6289 Series 


Write Timing Waveform (3) (OE = Clocked, WE = Controlled) 


Ros 
AAA ZV 7 


ne | 5 


XK KY) 


Write Timing Waveform (4) (OE = Clocked, CS = Controlled) 


—. 


* 7INTF ARUN 
a’, 
J a Se og: 





WO ZZ7777 
XX == XX) 
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HM6289 Series 


Write Timing Waveform (5) (OE = Low, WE = Controlled) 









AS ALLY LLL 
° aaa 


fanz 2 


Nong ye 
ae My ES NIN 
























Wek 


Ltt Nth impedance 
Noo 


OR mt OOOO 


Notes: *1 A write occurs during the overlap of a low CS and a low WE. (twp) 

*2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 

*3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

*4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 
in a high impedance state. 

*5. If CS is low during this period, I/O pins are in the output state after tow. Then the data input signals of opposite phase to the 
outputs must not be applied to them. 

*6. Dout is the same phase of write data of this write cycle, if twR is long enough. 

*7, If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in high 
impedance state. 
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HM6289 Series 


Low Vcc Data Retention Characteristics (Ta = 0 to +70°C) 
This characteristics is guaranteed only for L-version. 


Item Symbol Min Typ Max Unit Test Conditions 
Vcc for data retention VpR 2 — —_ Vv CS > Vcc - 0.2 V, 
Data retention current Iccor —_ —_ 50°? pA Vin > Vcc - 0.2 V or 
35° OV<Vins0.2V 
Chip deselect to data retention time tCDR 0 — — ns See retention waveform 
Operation recovery time iR tre"! — — ns 
Note: *1. tRc = Read cycle time 
*2, Vcc=3.0V 
*3. Vec=2.0V 


Low Vcc Data Retention Waveform 


Data Retention Mode 





CS2 Vee —0.2V 
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HM6289 Series 


Supply Current vs. Supply Voltage Supply Current vs. Amblent Temperature 


Supply Current cc (Normalized) 
Supply Current Icc (Normalized) 





OE 4.75 5.0 5.25 5.5 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
Access Time vs. Supply Voltage Access Time vs. Load Capacitance 








E 

Zz j 

e 

: E 

: : 

Supply Voltage Vcc (V) Load Capacitance Ct (pF) 
Access Time vs. Ambient Temperature Supply Current vs. Frequency 
ie 100 50 33 25 20 T (ns) 

Fy a 

| 3 

E 3 

ic] 

z E 

B é 

< 

: & 

3 : 

5 

= 

” = 

: F 

0594020. ~=30~SCOAS*S 
Ambient Temperature Ta (°C) Frequency f (MHz) 
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HM6289 Series 


























Low Level input Voltage vs. Supply Voltage High Level Input Voltage vs. Supply Voltage 

= a 

F E 
z é 
3 5 

ve t*) 

2 | 
Ky S 

i 3 

i ki 

3 & 

3 iz 

Supply Voltage Vcc (V) Supply Voltage Vcc (V) 
Output Current vs. Output Voltage (1) Output Current vs. Output Voltage (2) 

=z s 

E E 

3 & 

g g 

; j 

j j 

E 5 

< z 

iz 8 

High Level Output Voltage Vou (V) Low Level Output Voltage Voi (V) 
Standby Current vs. Amblent Temperature Standby Current vs. Supply Voltage 

= Vee =3V 

F CS=2.8V z 

; 3 

é é 

A 

E 3 

: i 

E 5 

” 

Ambient Temperature Ta (°C) Gunehs Valteace Ver (V\ 
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HM6289 Series 


Standby Current vs. Input Voltage 


Standby Current IsBt (Normalized) 





Input Voltage Vin (V) 
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HM6789 Series —_________________ Maintenance Only 


16384-word x 4-bit High Speed Hi-BiCMOS Static RAM (with OE) 


Features 
@ Super Fast Access Time:..............- 25/30 ns (max) 
@ Low Power Dissipation (DC) Operating... .. 230 mW (typ.) 
@ +5V Single Supply 
@ Completely Static Memory 
No Clock or Timing Strobe Required 
Balanced Read and Write Cycle Time 
@ Fully TTL Compatible Input and Output 


HM6789P Series 


Ordering information 





Type No. Access Time Package DP-24NC) 
HM6789P-25 25ns 300 mil 24 pin ( 
HM6789P-30 30ns plastic DIP HM6789JP Series 
HM6789JP-25 25ns 300 mil 24 pin 
HM6789JP-30 30ns Plastic SOJ 

Block Diagram 





& 


Memory Matrix 
128X512 


(CP-24D) 





Pin Arrangement 
Column 1/0 


BEGETRHRe EHR 


oe U 
All Al2 Al3 AQ Al0 AO Al 





Absolute Maximum Ratings 





Item Symbol Rating Unit 
Terminal Voltage to V.gg Pin Vr -05to+7.0 V 
Power Dissipation Pr 1.0 WwW (Top View) 
Operating Temperature Range Topr 0to +70 °C 
Storage Temperature Range under bias Tyyg(bias) ~10 to+85 °C 
Storage Temperature Range T stg -55 to+125 °C 
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HM6789 Series 


Recommended DC Operating Conditions (7, = 0 to +70°C) 


Item Symbol min typ max Unit 
Vv 4.5 5.0 5.5 Vv 
Supply Voltage Se 
Vss 0.0 0.0 © 8©=—: 0.0 Vv 
Input High Voltage Vin 2.2 _ 6.0 Vv 
Input Low Voltage Vin ~0.5*! - 0.8 V 


Note) *1. -3.0V for pulse width $ 20ns. 


Function Table 


CS OE WE Mode Vec Current 1/O Pin Ref. Cycle 

H HorL Hor L Not selected Isp, Ispy High Z - 

L H H Output Disabled Iec; Ice, High Z - 

L L H Read Icc, Iec1 Dout Read Cycle (1) (2) (3) 

L H L Wits Iec; lec Din Write Cycle (1) (2) (3) (4) 
L L L Ice, Iocs Din Write Cycle (5) (6) 


DC and Operating Characteristics (Voc =5V+10%, T,=0 to +70°C) 
Item Symbol min typ max Unit Test Conditions 
Input Leakage Current eT - - 2 pA Vec=5.5V, VIN = Vgs to Voc 
CS = Vip or OE = Vyq or WE = Vit 


Output Leakage Current IILol < = 2 HA Vy jo = Vss to Vcc 
Operating Power Supply Current Icc - - 100 mA CS= VIL» Iyjo = OMA 
Average Operating Current Icc1 = mn 120 mA Min.Cycle,Duty:100%,Iy;Q=0mA 
Isp Se 30. ma CS= Vin 
Standby Power Supply Current CS = Vv 
isp, . 7 10 oh C82 Vcc - 0.2 
Vin S$ 0.2V or Vin 2 Voc -0.2V 
Output Low Voltage VOL = = 0.4 Vv Io. = 8mA 
Output High Voltage Von 2.4 = = Vv lon = -4mA 
AC Test Conditions 
@ Input pulse levels ............. 0002 ee Vss to 3.0V 
@ Input and Output reference levels .............. 1.5V 
@ Input rise and failtime .............. 0.00 eee 4ns 
@ Output Load: See Figure 


* including 
scope and jig 


Output Load A Output Load B 
tonz. twuz, tonz 
terz, tow, tozz) 
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HM6789 Series 





Capacitance (7, = 25°C, f= 1.0MHz) 

















Item Symbol min typ max Unit Test Conditions 
Imput Capacitance Cin - - 6 pF Vin = 0V 
Input/Output Capacitance Cio - - 8 pF Vio =0V 


Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Vc c=5V+10%, T,=0 to +70°C, unless otherwise noted.) 













































































Read Cycle 
7 Item eee ~____HMe7a926 HM HMG789-30 Unit 
min max min max 
Read Cycle Time _ on tro 25 = 30 a ns 
Address Access Time taa ~ 25 ae 30 ns 
Chip Select Access Time tacs = 25 _ 30 ns 
Chip Selection to OutputinLowZ _tcLz *1 0 - 0 S ns 
~~ Output Enable to Output Valid tor 0 15 0 15 ns 
Output Enable to Output in Low Z toLz*! 0 0 pe ns 
Chip Deselection to Output in High Z tcHz"1 0 10 0 12 ns 
Output Hold from Address Change toH B) = 5 - ns 
“Input Voltage Rise/Fall Time tp’ - 150. — 150 ns 
Write Cycle 
; Item i Symbol eee, OO saga MOTRIN ial ae Unit 
min max min max 
Write Cycle Time . twe 25 =e 30 - ns 
Chip SelectiontoEndof Write tcw 20 4-2 — ns 
Address Setup Time tas 0 _ 0 =; ns 
~~ Address Valid to End of Write taw ek a eae | ns 
"Write Pulse Width twp 20 - 25 ~ ns 
~~ Write Recovery Time twR 0 eine 0 _ ns 
"Write to OutputinHighZ = ~~~ twuz? =si<‘i ti‘( wd z!O!!!!OCO 12 ns 
Data Valid to End of Write hws é 20 =. ns 
"DataHoldTime = = ~=tpy 5S -S = ns 
~~ Output Disable to Output in HihgZ  toyz°1 0 10 0 10 ns 
~~ Output Active from Endof Write tow =O = 0 os ns 





Notes)*1. Transition is measured +200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 
*2. Iftg becomes more than 150ns, there is possibility of function fail. 
Please contact your nearest Hitachi Sales Dept. regarding specification. 
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HM6789_ _— Series 


Timing Waveform 
Read Cycle (1)°" 


-Address 





Read Cycle (2) °1.°2,°3 


Address 


Previovs Data Valid 





Read Cycle (3) °1.°3.°4 





*3. OE=V 


*4_ Address valid prior to or coincident with CS transition Low. 
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HM6789 Series 


Write Cycle (1) (OE = H, WE Controlled) 















+ es 


' SYN AZV777 
. ee 


~ XXXKXXXEK = XXX 


High Impedance 







Dout 


Write Cycle (2) (OE = H, CS Controlied) 


ok es ee 


tow 


~ XXXXXXXKX XXX) 


High Impedance 


Dout 
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HM6789 Series 


Write Cycle (3) (OE = Clocked, WE Controlled) 


a 
ANNALS 


ia 


== iD» 





Write Cycle (4) (OE = Clocked, CS Controlled) 


WA 777777 
ox = _¥D 
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HM6789 Series 


Write Cycle (5) (OE = L, WE Controlled) 
twe 


WMT 
i ny an 


VN NNN NY NL Batra [Ys V7 
a a Ee ae a a \_ /NZA 


ton 





High Impedance ; NAN *5 High Impedance 


Data Valid wy, 





Write Cycle (6) (GE = L, CS Controlled) 


Wak AZZZZZZ. 


twuz 


[+4 \\ High tmpedance 
Nc 


tow ton 


| mane ees 
= (X= XK) 





Notes)*1. A write occurs during the overlap (twp) of a low CS and a low WE. 

*2. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 
must not be applied. 

*3. Dout is the same phase of write data of this write cycle. 

*4. If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 

*5. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to 
the outputs must not be applied to them. 

*6. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain 
in high impedance state. 
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HM6789H Series —————Maintenance Only 


16384-word x 4-bit High Speed Hi-BiCMOS Static RAM (with OE) 


Features HM6789HP Series 
@ Super Fast Access Time:............... 15/20 ns (max) 


@ Low Power Dissipation (DC) Operating... .. 280 mW (typ.) 
@ +5V Single Supply 
@ Completely Static Memory 
No Clock or Timing Strobe Required 
Balanced Read and Write Cycle Time 
@ Fully TTL Compatible Input and Output 


Ordering Information 


Type No. Access Time Package (DP-24NC) 
HM6789HP-15 15ns 300 mil 24 pin 
HM6789HP-20 20ns plastic DIP HM6789HJP Series 
HM6789HJP-15 15ns 300 mil 
HM6789HJP-20 20ns 24 pin plastic SOJ 
Block Diagram 


Memory Matrix 


128 x 512 
(CP-24D) 





Pin Arrangement 
Column 1/0 


Input Column Decoder 
Data 
BECERRREOaER 


Control 





Absolute Maximum Ratings 





Item Symbol Rating Unit 
Terminal Voltage to Vig Pin Vr 05to+7.0 V 
Power Dissipation Pr 1.0 Ww (Top View) 
Operating Temperature Range Topr Oto +70 °C 
Storage Temperature Range under bias Tyzg(bias) ~10 to+85 °C 
Storage Temperature Range Tstg _-5S to+125 °C 


Note) The specifications of this device are subject to change without notice. 
Please contact Hitachi's Sales Dept. regarding specifications. 
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Recommended DC Operating Conditions (7, = 0 to +70°C) 





Item Symbol min typ max Unit 
Vv 4.5 5.0 5.5 Vv 
Supply Voltage ce ce pc a RS POU a et 
_ Vss 0.0 0.0 0.0 Vv 
Input High Voltage Vin 2.2 - 6.0 Vv 
Input Low Voltage Vit -—0.5*! ~ 0.8 Vv 


Note) *1. -3.0V for pulse width S$ 10ns. 


Function Table 





HM6789H Series 


CS OE WE Mode Vec Current I/O Pin Ref, Cycle 

H Hor L Hor L Not selected Igp, Isp; High Z - 

L H H Output Disabled Ice, Iec1 High Z - 

L L H Read Icc, Iec, Data Out Read Cycle (1) (2) (3) 

L H L Write Ice, Iec1 Data In Write Cycle (1) (2) (3) (4) 
L L L Toc, Iecy Data Out Write Cycle (5) (6) 


DC and Operating Characteristics (Voc =5V+10%, T,=0 to +70°C) 


Item Symbol min typ max 
Input Leakage Current pr - - 2 
Output Leakage Current Lol - - 10 
Operating Power Supply Current Ice ~ _~ 100 
Average Operating Current Icc ‘2 - 120 
Isp = 3 30 
Standby Power Supply Current 
Ispy - - 10 
Output Low Voltage VoL = os 0.4 
Output High Voltage VOH 24 = = 
AC Test Conditions 
@ Input pulse levels .............00. 008s Vss to 3.0V 
@ Input and Output reference levels .............. 1.5V 
@ Input rise and falltime ........... 0... ccc eee 4ns 
@ Output Load: See Figure 


Output Load A 
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Unit 
uA 
uA 


mA 
mA 
mA 


mA 





Test Conditions 
Voc = 5.5V, Vin = Vgs to Voc 
CS = Vuy or OF = Vyyy or WE = Vy, 
Vijo = Vss to Vcc 
CS = Vir, lyjo = OmA 
Min.Cycle, Duty: 100%,Ijj9=0mA 
CS = Vin 
CS Veco -0.2V 
Viw § 0.2V or Vin 2 Voc -0.2V 
lot = 8mA 
lon = ~4mA 


* including 
scope and jig 


Output Load B 
(tonz. twnz, ho 
terz, tow, torz 
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HM6789H_ Series 


Capacitance (7, = 25°C, f= 1.0MHz) 


Item Symbol min typ max Unit 
Imput Capacitance Cin - - 6 pF 
Input/Output Capacitance Cio - - 10 pF 


Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Voc=S5V+10%, T,=0 to +70°C, unless otherwise noted.) 
Read Cycle 


ae Symbol Ariat ane ea 
min max min max 
Read Cycle Time tre 15 ~ 20 - 
Address Access Time ; taa - 15 - 20 
Chip Select Access Time tacs - 15 - 20 
Chip Selection to Output in Low Z teLz*! 3 - 3 - 
Output Enable to Output Valid tor 0 12 0 12 
Output Enable to Output in Low Z toLz*! 3 - 3 - 
Chip Deselection to Output in High Z tcHz*! 0 6 0 8 
Output Hold from Address Change ton 3 - 3 - 
Write Cycle 
HM6789H-15 HM6789H-20 
Item Symbol 
min max min max 
Write Cycle Time two 15 - 20 - 
Chip Selection to End of Write tew 10 ~ 15 - 
Address Setup Time tas 0 - 0 - 
Address Valid to End of Write taw 10 - 15 - 
Write Pulse Width twp 10 - 15 - 
Write Recovery Time twr 1 - l - 
Write to Output in High Z twHz°! 0 6 0 8 
Data Valid to-End of Write tow 9 - 10 - 
Data Hold Time toy 0 - 0 - 
Output Disable to Output in High Z tonz*! 0 6 0 8 
Output Active from End of Write tow‘! 0 - - 


Note) *1. Transition is measured +200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 


© HITACHI 


Test Conditions 
Vin 2 0V 
Vijo = OV 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
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HM6789H _ Series 


Timing Waveform 
Read Cycle (1)"" 


Data Out 





Read Cycle (2)°!.°2.°3 


Address 


Data Out Previous Data Valid 





Read Cycle (3) °'.°3.°4 


Data Out 





Notes) *1. WE = Vin 
*2. CS= Vir 
*3, OE= Vit ee 
*4. Address valid prior to or coincident with CS transition Low. 
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HM6789H Series 


Write Cycle (1) (OE = H, WE Controlled) 








Address 


s WAZA 77 


=» XXXXXKKXK == XXXXXD 


Data Out 





Write Cycle (2) (OE = H, CS Controlled) 







ze \AAAAK ALLL SSL 


mo XXXXXKKK = ¥XXXKM) 


Data Out 
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HM6789H_ Series 


Write Cycle (3) (OE = Clocked, WE Controlled) 


ANN 
MA {ZVTT/ 


SF XK owmae KX High Impedance 
L\L\ MA 


 ctacncamadh | 
WA ZZZ777 
XX == XX) 
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HM6789H Series 


Write Cycle (5) (OE = L, WE Controlled) 


SSM ZIT 
nn a 


RAB eaem Ps VV 
hay ST EE A Nee JS 


tow tow 


ee Siete 
High Impedance e saad NIX #5 High Impedance 
ata 
Z'\ LJ, 





Write Cycle (6) (OF = L, CS Controlled) 


ANNAN SI 7000001 


t waz 


Data Out EE, ———— 


tow ton 


| Ene eae ae 
ee ae 0008 





Notes)*1. A write occurs during the overlap (twp) of a low CS and a low WE. 

*2. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 
must not be applied. 

*3, Data Out is the same phase of write data of this write cycle. 

*4. If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 

*§, If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to 
the outputs must not be applied to them. 

*6. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain 


in high impedance state. 
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HM6789HA Series 


16384-Word x 4-Bit High Speed Static RAM (with OE) 


@ FEATURES 
¢ Super Fast 


Access Time ...........20e ee eaee Add. 12/15/20ns (max.) 
OE 6/7/8ns (max.) 
© Low Power Dissipation 
(DC) Operating ........... cee eee eee eee 300mW (typ.) 
e +5V Single Supply 
¢ Completely Static Memory (DP-24NC) 


No Clock or Timing Strobe Required 
e Fully TTL Compatible Input and Output 


@ ORDERING INFORMATION 


Access Time 


12ns 
15ns 
20ns 


12ns 
15ns 
20ns 











& 


(CP-24D) 





HM6789HAP- 12 
HM6789HAP- 15 
HM6789HAP-20 


HM6789HAJP-12 
HM6789HAJP-15 
HM6789HAJP-20 


300 mil 24 pin 
Plastic DIP 
(DP-24NC) 
300 mil 24 pin 


Plastic SOJ 
(CP-24D) @ PIN ARRANGEMENT 






















@ BLOCK DIAGRAM 


Memory Matrix 
128 X 512 








oman oath OND — 





Column I/O 


O20 Column Decoder 
X03 0 Lb La LA A LG LA WW 





(Top View) 
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NS 69 S606 oe ——————————————————E————— 
@ ABSOLUTE MAXIMUM RATINGS 


fem Symbol Uni 
Voltage on Any Pin Relative to Vss -0.5 to +7.0 Vv 
Power Dissipation eC) 


Operating Temperature Range °C 
Storage Temperature Range (with bias) -10 to +85 °C 


Storage Temperature Range -55 to +125 °C 
m@ RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C) 


sa | Symbol | Min. | Typ. | Max. | _Unit 
Supply Voltage Vv 


[00 | 00 |v 
input High Voltage ae ae ae 
Input Low Voltage vit | 30 [- [0a |v 


*Pulse width < 10ns, DC: -0.5V 


@ TRUTH TABLE 





™@ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, Vss = OV) 


fen Symbol] Test Condition | Min. | Typ. [ Max. | Un 
Input Leakage Current ul | Vee = 5.5V, Vin = Vos to Vcc pA 


CS = Vjq or OE = Vy, WE = Vy, 
Vio = Vss to Vec 

Operating Power Supply Current Icc 
Average Operating Current Iec1 


CS = Vcc - 0.2V 
Vin = 0.2V or Vin 2 Vec - 0.2V 


Ouipat Low Vola Vou 
Output High Voltage Vou | 


@ AC TEST CONDITIONS 


¢ Input Pulse Levels: Vgg to 3.0V © Input Rise and Fall Time: 4ns 
¢ Input and Output Reference Levels: 1.5V ¢ Output Load: See Figure 
+ 200mV from steady level (Output Load B) 


Output Leakage Current Lol 


Es 


Standby Power Supply Current 


~~) 
az 


w — 


+5V +5V 
4802 Dout 4802 


30 pF * 2552 5 pF * 


Output Load B 
Output Load A (for tcwz, tez» tonz: torz, twz & tow) 
*Including scope and jig capacitance. 
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HM6789HA Series 


@ TIMING WAVEFORM 
e Read Cycle (1) (1) 
trc 


CE XNA we VMLLLLL LLL 
cs SSS ee | ee LLLLML LL 2 


| sitacs | be tore J 


X SS. 
Data Out High Impedance ox & Data Valid 





e Read Cycle (2) (1) (2) (3) 


Address 


CS 


Data Out 





NOTES: 1. WE = Vin 
2.C§ = VIL 
3. OE = Vit 
4. Address valid prior to or coincident with CS transition low. 
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HM6789HA Series 
@ CAPACITANCE (T, = 25°C, f = 1.0MHz) 


Item Symbol_| Test Conditions | Min. | Typ. | Max. | _Unit 
Input Capacitance | Cw | Vmw=0ov) | — | | 
Input/Output Capacitance | Cyo |  Vwo=0OV_ | — | — | 0 | pF 
NOTE: This parameter is sampled and not 100% tested. 
@ AC CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, unless otherwise noted.) 
e Read Cycle 


HM6789HA-12 | HM6789HA- 15 | HM6789HA-20 


= Symbol Min. | Max. | Min. | Max. | Min. | Max. | —™* | No®s 
“Read Cycle Time 2 ae ae 
Address Access Time re ee ee oe = 
Chip Select Access Time | tacs | — | 12 | — 


Output Enable to Output Valid tor 1 


Output Enable to Output in Low Z toyz | 2 | — | 2 =| 1, 2 
Chip Deseiection 10 Output in HighZ | tw | 0 [6] 0 | 6 | 0 | 8 | mw [12 
Output Hold from Address Change | ton | 4 [ — [| 4 | - [41-1] | — 


e Write Cycle 


20 [ns 
on eee er a 

Chip Selection to Output inLowZ | tarz | 3 | — | 5 | — {| 5 | — | ns | 1,2 
Care ee ee | 8 | ns | 
fa ee ee ee 


HM6789HA- 12 | HM6789HA-15 | HM6789HA-20 Unit 


zai eyes [tin [ Max. [ Min. [ Max. [ Min. [ Max. | OY | NOS 
Write Cycle Time ne ee eee eee ae 
Chip Selection to End of Write | tw {| 8 | — | 0 | — | 6 | — | a | — 
Address Setup Time pts 08 a a 
Address Valid to End of Write | tw | 8 | — | 0 | — | 6b | — [ ow | — 
Write Pulse Width ae ae eee eee ee 
Write Recovery Time Soe ie De 2 ee ee ee 
Write to Output in High Z [twaz | 0 | 6 | O | 6 | O | 8 | ms | 12 
Data Valid to End of Write | tow. | 6 PS ee 
Data Hold Time be ©) 0! sp a 0) ie Ore ae as 


Output Disable wo Ouiputin HighZ | tow | 1] 6 | 1 | 6 | 1 | 8 | ms | 42 
Output Active fiom End of Write | tow | 3 | — | 3 | - 13 [— | os [12 


NOTES: 1. Transition is measured +200mV from steady state voltage with Load B. 
2. This parameter is sampled and not 100% tested. 
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HM6789HA Series 
° Write Cycle (1) (OE = H, WE Controlled) 


two 


Address —_ 


= WSR a 


gg | 


RY 
SUV VYVYVVVYVVVV VV VP/L/IV/V/V/ 
Data In VAI OXY? XXXXXAKKY 


High Impedance 


H 





Data Out 


¢ Write Cycle (2) (OE = H, CS Controlled) 


Address 
a = 


EE SSS 
VVVVYYVVYYVYVYVYVV VV YVYYVYVVY 
Data In XX XX NAN XXX XK XY) 


High Impedance 








Data Out 
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HM6789HA Series 
¢ Write Cycle (3) (OE = Clocked, WE Controlled) 


twc 


Address 


E p= 


S saa a 


. = ts 
tonz (2 toiz(2 
Data Out High Impedance 


High Impedance 


paain High mpadere ks 


O 


Oo 


¢ Write Cycle (4) (OE = Clocked, CS Controlled) 





= SS SE S77 
DW 
sak WX oaavaa —¥D 


High Impedance 
Data Out 
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HM6789HA Series 


e Write Cycle (5) (OE = L, WE Controlled) 


Address 





- we 
: as 7 
bata out SDSSDSSTDSSD | at pata fry 


High impedance NV, ‘ NK (5) High Impedance 
Data In C DataValid 
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HMG6789HA Series 


¢ Write Cycle (6) (OE = L, CS Controlled) 


cS 

WE 

Data Out 

Data In 

NOTES: 1. 
2 
3 
4 


t 


4 


eared 


ja 
esas 7 seaonaaaey(| 
SSS —""\ TTL: 





igh Impedance 
<<) 
tow tou 
; ere a 
High impedence CK datavaia XXXXXXXXX 


A write occurs during the overlap (twp) of a low CS and a low WE. 


. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 


be applied. 


. Dour is the same phase of write data of this write cycle. 
. If the CS low transition occurs after the WE low transition, output remain in a high impedance state. 
. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to the 


outputs must not be applied to them. 


. If ES low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in 


high impedance state. 
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HMG6G6287 Series Maintenance Only 


Refer to HM6287H Series 


65536-word x 1-bit High Speed CMOS Static RAM 


FEATURES 
High Speed: Fast Access Time 45/55/70ns (max.) 
Single 5V Supply and High Density 22 Pin Package 
Low Power Standby and Low Power Operation 
Standby: 100uW (typ.)/10uW (typ.) (L-version) 
Operation: 300mW (typ.) 
© Completely Static Memory 

No Clock or Timing Strobe Required 
@ Equal Access and Cycle Times 
® Directly TTL Compatible: All Inputs and Output 
@ Capability of Battery Back Up Operation (L-version) 





(DP-22N) 


@ PIN ARRANGEMENT 
@ ORDERING INFORMATION 


Access Time 


45ns 
55ns 
70ns 


45ns 
55ns 
70ns 


Package 









HM6287P-45 
HM6287P-55 
HM6287P-70 


HM6287LP-45 
HM6287LP-55 
HM6287LP-70 











300 mil 22 pin 
Plastic DIP 









# BLOCK DIAGRAM 


ae | : _ 


Columa 1/0 
Column Decoder 


WHARAAAS 
NAAR ARAN 





>> > > > > PD 
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HM6287 Series 


® TRUTH TABLE 


[Watsons [fan fant 


Rend Ck 





= ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to Vgg Vv 
Fower Dipti Pee ee 
Opeating Temper -¢ 
Stone Temperature *¢ 
Temperature Under Bias °C 


Note) *1. ~3.5V for pulse width S 20ns 


@ RECOMMENDED DC OPERATING CONDITIONS (7; = 0 to +70°C) 







Supply Voltage 


Input Voltage 


Note) *1. -3.0V for pulse width S 20ns 


=» DC AND OPERATING CHARACTERISTICS (Voc = 5V +t 10%, Vgs = OV, Ta = 0 to +70°C) 


Item [symbot| ______TestConditions =| min | typ”!| max [Unit 
input Leakage Current tert | Vee=53VVin=VsstoVoc | - | - | 20 [wa 
Output Leakage Current | Wo 1| CS = Yum Your VsstoVcc | - | - | 20 [wA 


Operating Power Supply Current CS = Vrz,, Tout = OMA, min. cycle | — | 60 | 100 | mA 
Isp | - | 10 | 30 |ma 












Standby Power Supply Current CS 2 Voc-0.2V, 


OV S Vin $0.2V of Voc - 0.2V S Vin 


Yor [tosima SSCS - ff fv 
eenake Vou | ton=-80ma————SSSS—~d P= = 


Notes) *1. Typical limits are at Voc = 5.0V, Tg = 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 


@ CAPACITANCE (f= 1MHz, 7, = 25°C) 


Input Capacitance 





Output Capacitance 
Note) This parameter is sampled and not 100% tested. 
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HM6287 Series 


m AC CHARACTERISTICS (Vcc = 5V +10%, Tg = 0 to +70°C, unless otherwise noted) 


@ AC TEST CONDITIONS 
Input Pulse Levels: Veg to 3.0V 
Input Rise and Fall Times: 5ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: See Figure 


Output Load A Output Load B 
5V 
4802 
Dout 
Dout 
. 2552 
2552 30pF 
Wincluding scope & jig capacitance * Including scope & jig capacitance 


@ READ CYCLE 


= 


M6287-70 


ples HM6287-45 | HM6287-55 aie | Nees 
|_min | max | min | max | min | max | 
Read Cycle Time IRC pas [| - | ss | - | 70 | - | ons | 
Rake 
meee 





~ 


Address Access Time 


i A ASE 
Chip Select Access Time | tacs | - | 45 | 
cane 


Output Hold from Address Change 


| ons | 
Chip Selection to Output in Low Z loz | s {| - | s{ - | $s | - | ms | 2,3,7 
Chip Deselection to Output inHighZ | tyz {| 0 | 30 | o | 30 | o [ 30 {| ns | 2, 3 7 
“Chip Selection to Power UpTime | wpy_| 0 | - | 0 | - | 0 | - | = | 
Chip Deselection to Power Down Time | tp | - { 40 | - | 40 | - [ 40 | ns | 7 


© Timing Waveform of Read Cycle No. 1/45) 


Address 


Dout 







Dout 


Voc supply 
current 
Isa 
Notes: 1. All Read Cycle timings are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, ty7z max. is less than tz min. both for a given device 
and from device to device. 
. Transition is measured +500 mV from steady state voltage with specified loading in Load B. 
. WE is high for READ Cycle. 
Device is continuously selected, while CS = Vy. 
Address valid prior to or coincident with CS transition low. 
This parameter is sampled and not 100% tested. 
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HM6287 Series 


® WRITE CYCLE 


aay Symbol | EMSZB7AS_|_HMS? 5 | HM6287-70 | junit | ees 
| min | max [min | max | min | max | 
Write Cycle Time —twe | 48 | = | ss | - | 70 | - | ms | 2 
Chip Selection to End of Write | - | so {| - | ss | - { ns | 
Address Valid to End of Write ‘0 | - [| so} - { 55 | - | ms | 


Address Setup Time ee ee eee ee ee 
Write Pulse Width Ba ee ee ee 


Write Recovery Time [twr | Oo | - | oO | ~ | oO} - | ms | 
Data Valid to End of Write | tw | 25 | - | 25 | - | 30 | - | as | 
Data Hold Time ee a eee eee 
Write Enabled to OutputinHighZ | twz_ | 0 | 25 | 0 | 25 | 0 | 30 | 3,4 
Output Active from End of Write | tow {| 0}; - | Of - | OF - | 3,4 


© Timing Waveform of Write Cycle No. 1 (WE Controlled) 


Address 


Din 





: High Impedance 
i Data Undefined 


© Timing Waveform of Write Cycle No. 1 (CS Controlled) 


Address 





CS 
WE 
= Data in Valid 
; —tWZ ; 
Dout Data Undefined High Impedance 


Notes) 1. If CS goes high Simultaneously with WE high, the output remains in a high impedance state. 

. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
. Transition is measured +500mV from steady state voltage with specified loading in Load B. 

. This parameter is sampled and not 100% tested. 


& wn 
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HM6287 Series 


®#® LOW Vcc DATA RETENTION CHARACTERISTICS (7, = 0 to +70°C) 


This characteristics is guaranteed only for L-version. 
Parameter Symbol_| Test Condition [min] wp. | max | Unit 
Paao eco ew 


Vcc for Data Retention CS 2V C- , 
BREN" 


V;, 
Data Retention Current ICCDR ove Vin S$ 0.2V 


Chip Deselect to Data Retention Time Seeretention wave | 9 | - [ - | 48 
Operation Recovery Time form trot | - | -~ | om 


Note) *1. tec = Read Cycle Time 
*2. Voec=3.0V 


@ LOW Vec DATA RETENTION WAVEFORM 





Data Retention Mode 





CSzVce -0.2V 





SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 


Supply Current Icc, (Normalized) 


Supply Current Icc: (Normalized) 





Supply Voltage Veo (V) Ambient Temperature Ta (‘C) 
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HM6287 Series 


ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE 


13 


1.2 









oe a ie 
é z 
2 A 
= 10 g 
; F 
é 0.9 i 
= o8 : 
0.7 
45 4.75 5.0 5.25 5.5 
Supply Voltage Voc (V) Ambient Temperature Ta (‘C) 
STANDBY CURRENT vs. STANDBY CURRENT vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Standby Current Iss, (Normalized ) 
7 
a 

Standby Current Iss, (Normalized ) 








Lao CS = Vee —0.2V 
0.2 
2 3 4 5 6 
Supply Voltage Vee (V) Ambient Temperature Ta (°C) 
SUPPLY CURRENT vs. STANDBY CURRENT vs. 
FREQUENCY INPUT VOLTAGE 
T (ns) 
1 200 100 66 50 
~ 10 ~ 
i 
é 2 
i 0.7 
0.6 
05 5 5 10 15 20 2s 
Frequency f (MHz) Input Voltage Vin (V) 
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HM6287 Series 


INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Input Low Voltage Vi, (Normalized) 
Input High Voltage Vin (Normalized) 





Supply Voltage Vec (V) Supply Voltage Voc (V) 
OUTPUT HIGH CURRENT vs. OUTPUT LOW CURRENT vs. 
OUTPUT HIGH VOLTAGE OUTPUT LOW VOLTAGE 


Output High Current Jon (Normalized ) 
Output Low Current Jo. (Normalized ) 





Output High Voltage Vow (V) Output Low Voltage Vo. (V) 
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HM6287H Series 
65536-Word x 1-Bit High Speed CMOS Static RAM 


The Hitachi HM6287H is a high speed 64K static RAM organized HM6287HP Series 
as 64-kword x 1-bit. It realizes high speed access time (25/35 ns) and 
low power consumption, employing CMOS process technology and 
high speed circuit designing technology. It is most advantageous for 
the field where high speed and high density memory is required, 
such as the cache memory for main frame or 32-bit MPU. The 
HM6287H packaged in a 300-mil plastic DIP and SOM, is available 
for high density mounting. 

Low power version retains the data with battery back up. 


(DP-22NB) 


Features HM6287H)JP Series 


* Single 5 V supply and high density 22-pin DIP and 24-pin SOJ 
* Highspeed: Fast access time 25/35 ns (max) 
* Low power 
Operation: 300 mW (typ) 
Standby: 100 pW (typ) 
¢ Completely static memory 
No clock or timing strobe required 
» e Equal access and cycle times 
¢ Directly TTL compatible: All inputs and outputs 





(CP-24D) 


Pin Arrangement Pin Description 

HM6287HP Series HM6287HIP Series Pin Name Function 
AO -A15 Address 
Din Input 
Dout Output 
CS Chip select 
WE Write enable 
Vcc Power supply 
Vss Ground 








(Top View) (Top View) 


Ordering Information 


Type No. Access Time Package 
HM6287HP-25 25 ns 300-mil 
HM6287HP-35 35 ns 22-pin 
HM6287HLP-25 25 ns plastic DIP 
HM6287HLP-35 35 ns (DP-22NB) 
HM6287HIP-25 25 ns 
HM6287HJP-35 35 ns 300-mil 

HIM6287HLIP-25 75 ns 24-pin SOJ 
HM6287HLIP-35 35 ns (CP-24D) 
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HM6287H Series 


Block diagram 


Memory Array 
128x512 


Column 1/0 


Column Decoder 


A7 A8 AS A10 All Al2 A13 A14 A15 





Function Table 
cs WE Mode Vcc Current Dou Pin Ref. Cycle 
H x Standby Isp, Ispi High-Z — 
L H Read Icc Dout Read cycle 1,2 
L L Write Icc High-Z Write cycle 1, 2 
Note: x: HorL 


Absolute Maximum Ratings 


Item Symbol Value Unit 
Voltage on any pin relative to Vss Vr -0.5"' to +7.0 Vv 
Power dissipation Pr 1.0 W 
Operating temperature Topr 0 to +70 °c 
Storage temperature Tstg ~55 to +125 °C 
Storage temperature under bias Tbias -10 to +85 °C 


Note: *1. Vrmin =-2.0 V for pulse width $ 10 ns 


Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Item Symbol Min Typ Max Unit 

Supply voltage Vec 45 5.0 5.5 V 
Vss 0 0 0 Vv 

Input high (logic 1) voltage Vin pay) — 6.0 Vv 
Input low (logic 0) voltage Vi ~0.5"! — 0.8 Vv 


Note: *1. Vi_min =-2.0 V for pulse width < 10 ns 
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HM6287H Series 


DC Characteristics ( Ta = 0 to +70°C, Vcc = 5 V+ 10%, Vss=0V) 








Item Symbol Min Typ"! Max Unit Test Conditions 
Input leakage current | Tur | — —_ 2.0 pA Vcc = Max 
Vin = Vss to Vcc 
Output leakage current IIo | — —_ 2.0 pA CS = Vn 
Vyo = Vss to Vec 
Operating Vcc current Icc — 60 120 mA CS = Vi 
Jout=OmA, min cycle 
Standby Vcc current Isp — 15 30 mA CS = Vu, min cycle 
— 0.02 2.0 mA CS2Vcc-0.2V 
Standby Vcc current (1) IsB1 [SSS SS eS OV EVN E02 or 
— 0.02°? 0.1"? mA Vcc- 0.2 V < Vin 
Output low voltage VoL —_ — 0.4 Vv lo=8mA——™ 
Output high voltage Vou 2.4 = — Vv ~Jou=-4.0mA — 





Notes: *1. Typical limits are at Vcc = 5.0 V, Ta = 25°C and specified loading. 
*2, This characteristics is guaranteed only for L-version. 


Capacitance ( Ta = 25°C, f= 1.0 MHz)" 








Item Symbol Min Typ Max Unit Test Conditions __ 
Input capacitance Cin — — 6 pF Vin=0V 
Output capacitance Cout — — 8 pF Vout=0V 





Note: ‘*1. This parameter is sampled and not 100% tested. 


AC Characteristics ( Ta = 0 to +70°C, Vcc = 5 V + 10%, unless otherwise noted. ) 

Test Conditions 

¢ Input pulse levels: Vsgs to 3.0V * Input and Output timing reference levels: 1.5 V 
¢ Input rise and fall times: 5 ns ¢ Output load: See figures 


Output Load (A) Output Load (B) = (for tz, tiz, twz & tow) 


+5V¥ +$V 





Note: Including scope & jig 
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HM6287H Serles 


Read Cycle 
HM6287H-25 HM6287H-35 : 
fen Syme Min Max Min Max ear 

Read cycle time tRc 25 — 35 — ns 
Address access time LAA _— 25 — 35 ns 
Chip select access time tacs — 25 — 35 ns 
Output hold from address change tou 3 — 5 — ns 
Chip selection to output in low-Z nz"! 5 — 5 — ns 
Chip deselection to output in high-Z tz"! 0 12 0 20 ns 
Chip selection to power up time tru 0 — 0 — ns 
Chip deselection to power down time tp — 25 — 30 ns 


Read Timing Waveform (1) °°." 





Notes: 





Previous 
Data Valid 


Vee Supply Current 


*1. Transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100 % tested. 
*2. WE is high for read cycle. 

*3, Device is continuously selected, CS = Vi. 

*4, Address valid prior to or coincident with CS transition low. 

*5. All read cycle timing are referenced from last valid address to the first transitioning address. 
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HM6287H Series 


Write Cycle 
tesa Symbol HM6287H-25 HM6287H-35 Unit 
Min Max Min Max 
Write cycle time twc 25 — 35 — ns 
Chip selection to end of write tow 20 — 30 — ns 
Address valid to end of write taw 20 — 30 — ns 
Address setup time tas 0 — 0 — ns 
Write pulse width twP 20 — 30 — ns 
Write recovery time twR 0 — 0 — ns 
Data valid to end of write tow 15 — 20 — ns 
Data hold time tDH 0 — 0 — ns 
Write enabled to output in high-Z tw2"! 0 8 0 10 ns 
Output active from end of write tow"! 5 —_ 5 — ns 


Write Timing Waveform (1) (WE controlled) 


Address 


RENE 
pat tt 


q 


Valid a A 
bff A AA AA POS Of EN High impedance [£ \AA 
Ear vary, 


Lf 
VLAN AAAAA NAA YS 


J 
QOD AKKIOOK vai” | OK QXXOOOO 
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Oe ee OO mom — HM6287H Series 


Write Timing Waveform (2) (CS Controlled) 


Address 


KKK KKK KKK bone KX KX KKK 


High Impedance** 





Notes: *1. Transition is measured £200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 
*2. A write occurs during the overlap of a low CS and a low WE. (tw) 
*3, twr is measured from the earlier of CS or WE going high to the end of write cycle. 
*4, If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 
in a high impedance state. 
*5, Dout is the same phase of write data of this write cycle, if twr is long enough. 


Low Vcc Data Retention Characteristics ( Ta = 0 to +70°C ) 
(This specification is guaranteed only for L-version.) 


Item Symbol Min Typ Max Unit Test Condition 
Vcc for data retention Vopr 2.0 — — Vv 2 Vec-0.2 V 
Data retention current Iccor — — 50°? pA Vin 2 Vcc - 0.2 V or 
35° OV<Vin<0.2V 
Chip deselect to data retention time —tcpR 0 — — ns ; 
Operation recovery time ra iRo*l a _ ae See retention waveform 
Notes: *1. tac = Read cycle time 
*2. Vec=3.0 V 
*3, Vec=2.0V 


Low Vcc Data Retention Timing Waveform 


Data Retention Mode 
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HM6287H Series 





Supply Current vs. Supply Voltage Supply Current vs. Ambient Temperature 


Supply Current Icc (Normalized) 
Supply Current Icc (Normalized) 

















Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


Access Time vs. Supply Voltage Access Time vs. Load Capacitance 


Access Time taa, tacs (Normalized) 


Access Time taa, tacs (Normalized) 


























an 4.75 5.0 5.25 5.5 
Supply Voltage Vcc (V) Load Capacitance C1 (pF) 
Access Time vs. Ambient Temperature Supply Current vs. Frequency 


100 50 33 25 20 T (ns) 








0.9 


0.8 


Supply Current Icc (Normalized) 





Access Time taa, tacs (Normalized) 








oy 0 20 40 60 80 


Ambient Temperature Ta (°C) Frequency f (MHz) 
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Output High Current Ion (Normalized) Input Low Voltage Viz (Normalized) 


Standby Current Iccor (Normalized) 





input Low Voltage vs. Supply Voltage 




















a 
4.5 4.75 5.0 5.25 5.5 
Supply Voltage Vcc (V) 


Output Current vs. Output Voltage (1) 











Output High Voltage Vou (V) 


Standby Current vs. Ambient Temperature 


Veco =3V 
CS=2.8V 


5 - 
rll a 
aan 
0 20 40 60 80 


Ambient Temperature Ta (°C) 


10 






i 
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Output Low Current Iot (Normalized) Input High Voltage Vm (Normalized) 


Standby Current Isp: (Normalized) 


| 
1.3 
1.2 
11 
1.0 


0.9 


0.8 


“45 4.75 5.0 5.25 5.5 


HM6287H Series 


nput High Voltage vs. Supply Voltage 


cose 











Supply Voltage Vcc (V) 


Output Current vs. Output Voltage (2) 








“0 0.2 0.4 0.6 0.8 





Output Low Voltage Vot (V) 


Standby Current vs. Supply Voltage 


CS=Vee —0.2V 


Supply Voltage Vcc (V) 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 127 


HM6287H Series 


Standby Current vs. Input Voltage 


Standby Current Iss: (Normalized) 
-_ ee ey es 
- 





Input Voltage Vin (V) 
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HMG787 Series 


65536-word x 1-bit High Speed Hi-BiCMOS Static RAM 


@ FEATURES 
Super Fast Access Time: 25ns/30ns (max.) 
@ Low Power Dissipation (DC): 
Operating 180mW (typ) 
@ High Driving Capability: lo, 16mMA 
@ +5V Single Supply 
® Completely Static Memory 
No Clock or Timing Strobe Required 
@ Balanced Read and Write Cycle Time 
@ Fully TTL Compatible tnput and Output 
@ Skinny 22-pin Plastic Dip (300 mil) and 22-pin Chip Carrier 


= ORDERING INFORMATION 


Access Time 


25ns 
30ns 


= BLOCK DIAGRAM 















Package 


300 mil 22 pin 
Plastic DIP 









HM6787P-25 
HM6787P-30 


—o Vee 





~~-© Vss 


Memory Matrix 
128X512 












arr aren 
IVIGAURUROATR 









SABSOLUTE MAXIMUM RATINGS 


“5 t0 +7.0 
ler 







Terminal Voltage to Vsg Pin 
Power Dissipation 

Operating Temperature Range 
Storage Temperature Range 
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Maintenance Only 


Refer to HM6787HA Series 


HM6787P Series 


(DP-22NB) 





es PIN ARRANGEMENT 
@ HM6787P Series 





(Top View) 
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HM6787 Series 


® TRUTH TABLE 


Voc Current Output Pin 
Isp. /sB1 


Input High Voltage 





Input Low Voltage 
Note) *1. -3.0V for pulse width S 20ns. 


s DC AND OPERATING CHARACTERISTICS (Vcc = 5Vt10%, Tz = 0°C to +70°C) 


Item Test Conditions | min.| typ. | max. Unit 
Input Leakage Current Voco=5.5V, Vin=Vss to Vcc Pas Pee Se A 
Output Leakage Current CS = Vin. Vour® Vss to Voc | - | - { 2] uA 
Operating Power Supply Current CS= V1, louT=0mA | - | - {100 | mA 
PP 7 lB 
Standby Power Supply Current CS 2 Voc -0.2V 
TsB1 mA 
Vn $0.2V or Vin 2V ¢¢ -0.2V 
Output Low Voltage To_=\6mA fF - | - | 05 | Vv 
Output High Voltage lon= -4mA }24] - | - | Vv 


w AC TEST CONDITIONS Out put Load A Out put Load B 
Input pulse levels: Vsg to 3.0V +5V (for tz, tzz,twz & tow) 
Input rise and fall times: 4ns vey 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 480 2 
Output load: See Figure as 


Dout 


Dout 
255 Q 30pF * 


255 2 SpF # 


* Including scope and jig. 
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HM6787 Series 


m CAPACITANCE (7, = 25°C, f= 1.0MHz) 












Conditions 





Input Capacitance 


Output Capacitance 





Note) This parameter is sampled and not 100% tested. 


@ AC CHARACTERISTICS (Vcc = 5V+10%, Tz = 0°C to 70°C, unless otherwise noted.) 
@ READ CYCLE 













HM6787-25 HM6787-30 


Symbol [mia [max | ain Tmax | Unit Notes 


ns 


Item 


Read Cycle Time 
“Address Access Time 
Chip Select Access Time 


Output Hold from Address Change _ tOoH 


_Chip Sel Selection tc to to Output i in Low Z_ 


_Chip Dese Deselection to Output i in in High 2 Z 


Chip Selection to Power Up Time 


“Chip Deselection to Power Down Time 
Input Voltage e Rise/Fall Time 











Nit 














Wl Ni TN] ie 


PP aac 
anIininininin 





Notes) 1. Transition is measured t200mV from steady state voltage with specified loading in Load B. 
2. This parameter is sampled and not 100% tested. 
3. If t7 becomes more than 150ns, there is possibility of function fail. 
Please contact your nearest Hitachi’s Sale Dept. regarding specification. 


@ WRITE CYCLE 


HM6787-25 HM6787-30 
ae ae eae] cae. Acne 
| | min. | 


Write Cycle Time ee 2 
Chip Selection to End of Write tcw | 20 | - | 28 | 

Address Valid to End of Write te 

Address Setup Time AS Oh ee 

Write Pulse Width | twee] 20 | Ts Ks 

Write Recovery Time LtwR | § | - [| 5S | - | os 

Data Valid to End of Write | tow | 2 | - | 2 | - | ss | 

Data Hold Time a Ga ee 

Write Enable to Output in High Z | twz {| oO {| 18 | 0 | | ens =| si, 4 
Output Active from End of Write | tow {| Oo | - [ 0 | - | ms | 3,4 


Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
4, This parameter is sampled and not 100% tested. 
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HM6787 Series 





@ TIMING WAVEFORM OF READ CYCLE NO. 12): 2) 


tRc 


Address 


tAA 


Data Out Previous Data Valid x ae Data Valid 


© TIMING WAVEFORM OF READ CYCLE NO. 22): 2) 






Ou High Impedance High Impedance 
Data Out 


Vcc Supply 


Current 


Note: 1. WE is high and CS is low for READ cycle. 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HM6787 Series 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED) 


twe 


at: Se 22 7, 
" ann a 


Data In " Data In Valid <i 


High Impedance 





Data Out Data Undefined 


Note: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 


© TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED) 


a cee 
= 


me VVVNNNY KZ 
ae ae 


ton 
Data In a Data In Valid | 


twz 


Data Out Data Undefined 
High Impedance 


Note: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 


@ HITACHI 
Hitachi America, Ltd. Hitachi Plaza 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300 133 


HM6787H Series 


65536-word x 1-bit High Speed Hi-BiCMOS Static RAM 


Features 


Super Fast Access Time: 15ns/20ns (max.) 
Low Power Dissipation (DC): 

Operating 210mW (typ) 

+5V Single Supply 

Completely Static Memory 

No Clock or Timing Strobe Required 
Balanced Read and Write Cycle Time 
Fully TTL Compatible Input and Output 


Ordering Information 


Type No. Access Time Package 
HM6787HP-15 15ns 300 mil 22 pin 
HM6787HP-20 20ns Plastic DIP 
HM6787HJP-15 1Sns 300 mil 24 pin 
HM6787HJP-20 20ns Plastic SOJ 

Block Diagram 





Memory Matrix 


128X512 


Ee 
pC Column 1/0 
SSW WW 





(Top View) 
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Maintenance Only 


Refer to HM6787HA Series 


HM6787HP Series 


(DP-22NB) 


HM6787HIP Series 


& 


(CP-24D) 





Note) The specifications of this device 
are subject to change without 
notice. 

Please contact Hitachi’s Sales 
Dept. regarding specifications. 


HM6787H Series 


Absolute Maximum Ratings 


Item Symbol Rating Unit 
Terminal Voltage to Vg Pin Vr -0.5 to +7.0 Vv 
Power Dissipation Pr 1.0 WwW 
Operating Temperature Range Topr 0 to +70 i 
“Storage Temperature Ranges Tyyg=Ss=<“i‘ SS tO HDS! 
Tem perature under Bias T bias -10 to +85 °C 


Function Table 











Cs WE Mode Voc Current Output Pin 
H xX Not Selected /93./ 531 High Z 
L H Read Ioo:lec1 Dout 

L L Write Tee. loc High Z 





Recommended DC Operating Conditions (0°C $ Ta & 70°C) 



































Item Symbol min. typ. max, Unit 
Supply Voltage Yce a i ad Ml 
Vss 0 0 0 Vv 
Input High Voltage Ving 2.2 - 6.0 V 
Input Low Voltage Vin 0.5"! - 0.8 V 
Note) *1. -3.0V for pulse width S 10ns, 
DC and Operating Characteristics (Voc = 5V+10%, Tz, = 0°C to +70°C) 
Item Symbol min. typ. max. Unit Test Conditions 
Input Leakage Current yy - - 2 pA Voe"S.5V, Vin = Vgs to Veo 
Output Leakage Current tol - - 10 wA CS* Vy, Vour® Vss to Voc 
Operating Power Supply Current Joc - = 100 mA CS#¥7z,Joy7r=0mA 
Average Operating Current loc1 - -~ 120 mA _ Min.Cycle, Duty: 100% Joyupr*0mA 
acca ae TS « 177 
Standby Power Supply Current TO SV Gg-0aV0”~C~<“—s=CSsSS 
‘sp - = 10 mA 
Vin 80.2V or Vin 2V oc -0.2V 
Output Low Voltage Vou - - 04 Vi fo,® 8mA 
Output High Voltage Vou 24° =~ = - Vi low=-4mA 
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HM6787H Series 


AC Test Conditions Ou piitoel x Gdn toad’ 
Input pulse levels: Vsg to 3.0V +5V (for twz, tz, twz & tow) 
Input rise and fall times: 4ns idk 


Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 


* Including scope and jig. 





Capacitance (7, = 25°C, f= 1.0MHz) 


Item Symbol max. Unit Conditions 
Input Capacitance CIN 6.0 pF Vin = OV 
Output Capacitance Cour 10.0 pF Vout*0V 





Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Voc = 5V+10%, Tz = 0°C to 70°C, unless otherwise noted.) 
































Read Cycle 
Item Symbol nei S enSI S720 Unit Notes 
min. max. min. max. 
Read Cycle Time tRC 15 - 20 - ns 
Address Access Time tsA - 15 - 20 ns 
Chip Select Access Time tacs - 15 - 20 ns 
Output Hold from Address Change OH 3 - 3 - ns 
Chip Selection to Output in Low Z tLzZ 3 - 3 - ns 1,2 
Chip Deselection to Output in High Z tHZ 0 6 0 ns 1,2 
Note: 1. This parameter is sampled and 100% tested. 
2. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
Write Cycle 
Item Symbol ese Unit Notes 
min, max. min. max, 
Write Cycle Time two 15 - 20 - ns 2 
Chip Selection to End of Write tcw 10 - 15 - ns 
Address Valid to End of Write taw 10 - 15 - ns 
Address Setup Time tas 0 - 0 - ns 
White Pulse Width twp 10 - 15 - ns 
Write Recovery Time twR 3 - 3 - ns 
Data Valid to End of Write tpw 12 - 15 - ns 
Data Hold Time tDH 0 - 0 - ns 
“Write Enable to OutputinHighZ twz  #O 6 O 8 ns 3,4 
Output Active from End of Write tow 0 - 0 - ns 3,4 





Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6787H Series 


Timing Waveform of Read Cycle No. 12): 2) 


Address 


Data Out Previous Data Valid e¢é Data Valid 





Timing Waveform of Read Cycle No. 22): %) 


High Impedance High Impedance 
Data Out : Data Valid : 





Note: 1. WE is high and CS is low for READ cycle. 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HM6787H Series 


Timing Waveform of Write Cycle No. 1 (WE Controlled) 


TTI 
\ann a 


Data In % Data In Valid <a 


Data Out Data Undefined ; 
High Impedance 





Note: 1. Transition is measured t+200mV from steady state voltage with specified loading in Load B. 


Timing Waveform of Write Cycle No. 2 (CS Controlled) 


Address 


(oH 


NUANEAWANATAS GD 27070747, 
Pee 


Data In | Data In Valid 


twz 


Data Out Data Undefined 
High Impedance 





Note: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HM6787HA Series 


65,536-Word x 1-Bit High Speed Static Random Access Memory 
@ FEATURES m@ PACKAGE OUTLINE 


¢ 65,536-Words x 1 bit organization 
e 1.3 um Hi-BiCMOS process 
¢ Super fast 
Access time 12/15/20 ns (max.) 
¢ Low power dissipation 
(DC) operating: 300mW (typ) 
e +5V single supply 
¢ Completely static memory 
No clock or timing strobe required 


¢ Fully TTL compatible input and output Pl 
@ ORDERING INFORMATION 


Cycle Time 


(DP-22NB) 










Package 





(CP-24D) 
























HM6787HAP- 12 12 ns Oe pin 

HM6787HAP-15 15 ns astic 

HM6787HAP-20 20 ns (DP-22NB) @ PIN ARRANGEMENT 
HM6787HAJP- 12 12 ns 300-mil, 24 pin 
HM6787HAJP-15 15 ns Plastic SOJ HM6787HAP Series 
HM6787HAJP-20 20 ns (CP-24D) 





@ PIN DESCRIPTION : 
Pin Name Function 8 
AQ-A15 Address Input 4 
Din Data Input 5 
Dout Data Output : 
WE Write Enable 8 
CS Chip Select 9 
Vss Ground 
Vcc Supply Voltage 





(Top View) 
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HM6787HA Series 


@ BLOCK DIAGRAM 


Memory Matrix 
R 
Decoder 128 x 512 


Column |/O 


: : 





@ TRUTH TABLE 









Mode 


Not Selected 
Se 


Vcc Current 














IsB, ISB1 
Icc, Icc1 
Icc, Icc1 






@ ABSOLUTE MAXIMUM RATING 


Item Symbol Unit 
Terminal Voltage to Vss Pin 0.5 to +7.0 Vv 
Power Dissipation fe eS W 


Operating Temperature Range Topr °C 
Storage Temperature Range (with bias) Tstg (bias) -10 to +85 °C 
Storage Temperature Range —-55 to +125 nC 


m@ RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta < 70°C) 








Supply Voltage 






Input Hi 
Input Low Voltag 


Notes |. Pulse width 10 ns, DC: —0.5V 
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HM6787HA Series 


m@ DC AND OPERATING CHARACTERISTICS (Vcc = 5.0V + 10%, Vss = OV, Ta = 0 to +70°C) 


Item Unit 
Input Leakage Current - [ui] | vee=5sv,vin=ovwvee | — |— [2 | 4 
Output Leakage Current Llwoj | ¢S= Yun VoursWeoVoc {f= | 10 pA 
Operating Power Supply Current 2 eS ae a ee mA 


CS = Vis, VIN= VIH oF VIL ee eas mA 


Standby Power Supply Current CS = Vcc -0.2V. VIN $ 0.2V or 
a VIN 2 Vcc -0.2V 0 ne 


Output Low Voltage IoL =8mA | I= BmAt—“<‘iY*‘i SS TlUh hdl Vv 
Ouiput High Voltage ee en ee ee ee 


m@ AC CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0°C to +70°C) 
¢ Read Cycle 


Ses a 
[Min [Mex [Min [Max [Min [Max 
Read Cycle Time ae i ie ef ie ve 
Address Access Tine a Se 
Chip Select Access Time Tacs | — | 2 | — | is_| — | 20 [1s 
Output Hold from Address Change tOH ) 4 | — | 4 | — [| 4] + | ns 
Chip Selection to Output in Low Z er ee ee ee ee ae ee ee ee ns 
Chip Deselection to Output in High Z ia ee eee ee a eae a 


Notes 1.This parameter is sampled and not 100% tested. 
2. Transition is measured +200mV from steady state voltage with specified loading in Load (B). 


* Write Cycle 


= ae = 
: a 
| Wite Cyate Tine Ta a le 


Chip Selection to End of Write tCW ee ee ns 
Address Valid to End of Write | taw [| 8 | AO | os 
Address Setup Time tas ccs Os oe] | o {| — { o | — | ns 
Write Pulse Width twe | 8 


Write Recovery Time (WE) Pos pts = | 
Write Recovery Time (CS) [wer a 
Data Valid to End of Write tDw ee es a ee ee ee ee ns 
Data Hold Time eT a CO I 
Write Enable to Output in High Z A 
Output Active from End of Write | tows | 3 | — | 3 f — [| 3 | — | ns 


Notes |. All Write Cycle timings are referenced from the last valid address to the first transitioning address 
2. This parameter is sampled and not 100% tested. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load (B). 
4. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 


piss 
pa 
eae ee ee ee 
a 
ate 


¢ Capacitance (Ta = 25°C, f = | MHz) 





Test Condition 










Input Capacitance 
Output Capacitance 


Notes |. This parameter is sampled and not 100% tested. 
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2 





HM6787HA Series 


@ AC TEST CONDITIONS 


e Input pulse levels: Vss to 3.0V 

e Input timing reference levels: 1.5V 
* Output load: See figure 

e Input rise and fall times: 4ns 

¢ Output reference levels: 1.5V 


+5V +5 V 


4800 Dout 4800 


30 pF * 2550 S pF * 


: Output Load B (for tyz, tLz, twz & tow) 
Output Load A *including scope and jig capacitance 





@ TIMING WAVEFORMS 
e Read Cycle -11, 2 


Address 


Data Out Previous Data Valid 





Notes 1. WE is high and CS is low for read cycle. _ 
2. Addresses valid prior to or coincident with CS transition low. 


¢ Read Cycle -21; 2,3 


Data Out CAXVOK __Datavalid 


High Impedence High 


impedence 





Notes 1. WE is high and CS is low for read cycle. _ 
2. Address valid prior to or coincident with CS transition low. 
3. Transition is measured + 200 mV from steady state voltage with specified loading in Load (B). 
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HM6787HA Series 


B TIMING WAVEFORMS 
¢ Write Cycle -11 (WE Controlled) 


twe 


| 
tDH 
Data In Data In Valid 





tow 
Data Out Data Undefined 
High Impedance 
NOTE: 1. Transition is measured + 200mV from steady state voltage with specified loading in Load B. 


¢ Write Cycle -21 (CS Controlled) 





Address 


a eee 
me WS 0099 DDE. 


DH 
Data In y Data In Valid 


twz 
Data Out Data Undefined 
High Impedance 


NOTE: 1. Transition is measured + 200mV from steady state voltage with specified loading in Load B. 
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HMG6G2256 Series 


32768-word x 8-bit High Speed CMOS Static RAM 


ws FEATURES 

@ High Speed: Fast Access Time 85/100/120/150ns (max.) 

@® Low Power Standby and Low Power Operation; 

Standby: 200uW (typ)/10uW (typ) (L-version), 
Operation: 40mW (typ.) (f = 1MHz) 

Single 5V Supply 

Completely Static RAM: No clock or Timing Strobe Re- 

quired 

Equal Access and Cycle Time 

Common Data Input and Output, Three-state Output 

Directly TTL Compatible: All Input and Output 

Capability of Battery Back Up Operation (L-/L-SL version) 


@ ORDERING INFORMATION 





Type No. Package 
HM62256P-8 85ns 
HM62256P-10 100ns 
HM62256P-12 120ns 
HM62256P-15 150ns 
HM62256LP-8 85ns 
HM62256LP-10 100ns 600 mil 28 pin 
HM62256LP-12 120ns Plastic DIP 
HM62256LP-15 150ns 
HM62256LP-10SL 100ns 
HM62256LP-12SL 120ns 
HM62256LP-15SL 150ns 
HM62256FP-8T 85ns 
HM62256FP-10T 100ns 
HM62256FP-12T 120ns 
HM62256FP-15T 150ns 
HM62256LFP-8T 85ns 
HM62256LFP-10T 100ns 28 pin 
HM62256LFP-12T 120ns Plastic SOP 
HM62256LFP-15T 150ns 


HM62256LFP-i0SLT 
HM62256LFP-12SLT 
HM62256LFP-15SLT 





® ABSOLUTE MAXIMUM RATINGS 


Symbol 

Voltage on any pin with relative to Vgg | Vr 
10 

Topr 0 to +70 








Power Dissipation 

















Operating Temperature 






Storage Temperature 
Temperature Under Bias 
Note) *1, -3.0V for pulse width S 50ns 
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HM62256P Series 


oe 


(DP-28) 





HM62256FP Series 


P 


(FP-28DA) 





# PIN ARRANGEMENT 





(Top View) 
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HM62256 Series 





# BLOCK DIAGRAM 


Memory Array 


§12 «512 


Column 1/0 
Baise Column Decoder 


Y Address Buffer 


AQ Al A2 AINAZ AL 


Voc Current 1/O Pin Reference Cycle 
‘sp./sB1 High Z 





® TRUTH TABLE 





X means H or L 


= RECOMMENDED DC OPERATING CONDITIONS (7, = 0 to +70 °C) 








Supply Voltage 


Input Voltage 


Note) *1. —3.0V for pulse width S 50ns 
m DC AND OPERATING CHARACTERISTICS (Voc = 5V + 10%, Vss = OV, T; = 0 to +70° 


en 


-Q 
~ 


Unit 
BA 
BA 
mA 


yp"l 


ot 
oS wl w 
we win 


17) 

oO mintirirai; nie 
3 
> 


<|< 





HM62256-8 
Average 
Operating HM62256-10 esi 
Power HM62256-12 


Supply HM62256-15 
Current 


Standby Power Supply Current 


oS 
So 
> 


Output Voltage 


Led 
‘ 


we |e |S 
oli 8 


Notes) *1. Typical values are at Voc=5.0V, Tg= 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 
*3. This characteristics is guaranteed only for L-SL version. 
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HM62256 Series 





= CAPACITANCE (7,=25 °C, f=1MHz) 


C Symbot_[ Text Condition [wp [man [Unk 


Input Capacitance 





Input/Output Capacitance 


Note) This parameter is sampled and not 100% tested. 


® AC CHARACTERISTICS (Vcc =5V+ 10%, Tq =0 to +70°C unless otherwise noted) 
@ AC Test Conditions 








© Input pulse levels: 0.8V to 2.4V © Input and Output timing reference levels: 1.5V 
© Input rise and fall times: 5ns © Output load: 1 TTL Gate and C,, (100pF) 
(Including scope and jig) 
@ Read Cycle 
mena Symi] nuns [ese [ wae a [ase 
min. | max. | | max. | min. | max. | 
Read Cycle Time IRC Se pT DSS A le ST ns 
Address Acces Time aa | =| | - [10] - [aa] - | 150] ms 
Chip Select Access Time | tacs|_ - | 85 | - | 100 | | 120 | - | 150 | ns 
Geren Ong vale | is eee ork | 
Output Hold from Address Change tOH fr - | 10[ - [ 10] - | 10] - | ns 
Chip Selection to Output intowZ | ecxz| 10 | - | 10] - | 10] - | 10] - | ™m 
Output Enable to OutputinLow2 | rouz|_ 5 | - | 5 | - | S| - | S| - [ms 
Chip Deselection to Output in High Z |tcoz| 0 | 30 | Of 351 Of} 40] O| 50] ns 
Output Disable to Output in HighZ | ronz| 0 | 30 | O| 35 | Of 40 {[ of so] ns 


@ Timing Waveform of Read Cycle No. 1!) 
{RC 


Address 





ve NASA AAS LIT I TTL 
up ton 
se WS te AALLLIL ALLL 


Dout tcLz STN . WAN 
ou oe Data Valid = KAO 


@ Timing Waveform of Read Cycle No. 2!7](2) (4) 


tre 















Address 
a DXA Pass Vaid K 
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HM62256 Series 





@ Timing Waveform of Read Cycle No. gft)(si (4) 


Dout 


Data Valid 





Notes) 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS = Vy,. 
3. Address Valid prior to or coincident with CS transition Low. 





4, OE = Vor. 
@ Write Cycle 
HIM62256-10 | HIMG2256-12 | HMG2256-15 | 
iii Symbol min. | max. |_min. | max. | min, | max.| min. | max. |" 
Waite Cycle Time two [85 | - | 100] - | 120] - | 180] - | ms 
Chip Selection to End of Write | cw | 78_| - | 80 | - | 85] - | 100] - | m 
Address Valid to End of Write taw_|_75.|_~ | 80 | - | 85 |_- | 100] — | ms 
Address Set Up Time 7 RE al Ge eG lO 
Write Pulse Width rtwe | 60 | - | | - | | - | 90] - | 1s 
Write Recovery Time we (ie | el ee 
Write to Output in High Z ltwuz| 0 | 30 | 0 | 35 |0| 40 | 0] 50 | ns 
Data to Write Time Overlap repw | 40 | - | of - | 30] - | 6] - |= 
Data Hold from Write Time tH |.0 | - |.0]| - [0] - | 0| - [1s 
Output Disable to Output in HighZ | tonz| 0 | 30] 0] 35 |.0 | 40] 0| 50 | ns 
Output Active from End of Write | tow | 5 |.-.|31.- 1.3 1.-.1 31 - 1m 
@ Timing Waveform of Write Cycle No. 1 (OE Clock) 
twc 
twr®) 
= Z|, NSS 
Ss WK CUM 
\A \ / 
WE Y\\\S 
—— 
Dott \L\\V\\V\VVV VN 
LJ LS /ASA LL SS tow toH 
: kK XKK 
EAN [N\LNZ\ 
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HM62256 Series 





© Timing Waveform of Write Cycle No. 2'5) (O& Low Fixed) 


tuc 
tcw i 
Ss WK 2? W777 
ue wk ae 
(7) 
Dout BAEeoEsewesaa. ais aN a 
LIAS AID AD AS LDA OA es ho - 
Di == 
AM LE tie GP aS 


Notes: 1}. A write occurs during the overlap (f wp) of a low CS and a low WE. 

. twr is measured from the earlier of CS or WE going high to the end of write cycle. 

. During this period, I/O pins are in the output state. The input signals out of phase must not be applied 

. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, 
outputs remain in a high impedance state. 

. OF is continuously low. (OE = V;,) 

. Dout is in the same phase of written data of this write cycle. 

. Dout is the read data of next address. 

. If CS is low during this period, I/O pins are in the output state. The input signals out of phase must not be 
applied to I/O Pins. 


® LOW Vcc DATA RETENTION CHARACTERISTICS (7, = 0 to +70°C) 
(This characteristics is guaranteed only for L-and L-SL version) 


[Symbot | Test Conditions | min. 
| Vor | CS2¥cc-02w | 2.0 | - | - | 
ce 
Ea 


eww 


ony nnm 














Vcc for Date Retention 





Vcc = 3.0V, CS 2 2.8V 
ICCDR | OVSViq 


o|-|-| 
See Retention Waveform 

felis ail eee ieee Gel 
Note) *1. tpc= Read Cycle Time 


*2. This characteristic is guaranteed only for L-version, 204A max. at Tg = 0 to 40°C. 
*3. This characteristic is guaranteed only for L-SL version, 34A max. at Tg = 0 to 40°C. 


Data Retention Current uA 









Chip Deselect to Data Retention Time 


Operation Recovery Time 





@ Low Vcc Data Retention Waveform 


Vec DATA RETENTION MODE 









2.2V------7#-= =—k--- 2.2V 


CS2 Vec—0.2V 
cs 


OV wan an nn nn nn nn nw on nn nn nn nn en nn ne enn ee eee 
Note) In Data Retention Mode, CS controls the Address, WE, OF, and Din Buffers. Vin for these inputs can be in 
high impedance state in data retention mode. 
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HM62256 Series 


SUPPLY CURRENT vs. SUPPLY VOLTAGE (1) SUPPLY CURRENT vs. AMBIENT TEMPERATURE (1) 





E 3 
f E 
z z 
g 8 
& E 
> : 
5 3 
n n 
Supply Voltage Vec (V) Ambient Temperature Ta (°C) 
SUPPLY CURRENT vs.SUPPLY VOLTAGE (2) SUPPLY CURRENT vs. AMBIENT TEMPERATURE (2) 





Supply Current Icc: (Normalized) 
Supply Current cc: (Normalized ) 





Supply Voltage Vcc (V) Ambient Temperature Ta (‘C) 


SUPPLY CURRENT vs. SUPPLY VOLTAGE (3) SUPPLY CURRENT vs. AMBIENT TEMPERATURE (3) 


Supply Current Ice: (Normalized ) 


Supply Current Icc2 (Normalized ) 





Supply Voltage Vee (V) Ambient Temperature Ta (°C) 
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HM62256 Series — $$ rir 


ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE 





i i 
3 z 
E E 
5 5 
é 2 
Supply Voltage Vee (V) Ambient Temperature Ta (°C) 
STANDBY CURRENT vs. SUPPLY VOLTAGE STANDBY CURRENT vs. AMBIENT TEMPERATURE 


Standby Current Iss, ‘Normalized: 
Standby Current Iss, (Normalized ) 





Supply Voltage Vec (V) Ambient Temperature Ta (°C) 


SUPPLY CURRENT vs. FREQUENCY (READ) SUPPLY CURRENT vs. FREQUENCY (WRITE) 










150ns_ 120ns 100ns 85ns 





We 
‘i Vee = 5.0V 
0 2 4 6 8 10 12 


Frequency f (MHz) Frequency f (MHz) 


Supply Current Jcc:, Jeez (Normalized) 
© 
Ps 

Supply Current Icc1. Icc2 (Normalized) 
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Access Time taa. tacs (Normalized 


HM62256 Series 


INPUT LOW VOLTAGE vs.SUPPLY VOLTAGE INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 


Input Low Voltage V,,max | Normalized! 
Input High Voltage Vjymin - Normalized - 








"4.50 4.75 5.00 5.25 5.50 


Supply Voltage Vee iV! Supply Voltage Vor 'V 


OUTPUT CURRENT vs. OUTPUT CURRENT vs. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


Output High Current Ion (Normalized) 
Output Low Current Io, (Normalized ' 





Output High Voltage Vow (V) Output Low Voltage Vo, ‘V) 


ACCESS TIME vs. LOAD CAPACITANCE 





Load Capacitance C, (pF) 
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H M62256A Series Preliminary 


32,768-Word x 8-Bit High Speed CMOS Static RAM 


@ DESCRIPTION 


The Hitachi HM62256A is a CMOS static RAM 
organized 32k-word x 8-bit. It realizes higher perfor- 
mance and low power consumption by employing 
0.8 um HI-CMOS process technology. The device, 
packaged in a 8 x 14 mm TSOP with thickness of 
1.2 mm, 450-mil SOP (foot print pitch width), 600- 
mil plastic DIP, or 300-mil plastic DIP, is available 
for high density mounting. TSOP package is suitable 
for cards, and reverse type TSOP is also provided. It 
offers power standby power dissipation; therefore, it 
is suitable for battery back up system. 


@ FEATURES 
e High speed: (FP-28DA) 
Fast access time 85/100/120/150 ns (max.) 
e Low power 
Standby: 10 yW (typ.) (L/L-SL version) 
Operation: 40 mW (typ.) (f = 1 MHz) 
© Single 5V supply 
e Completely static memory 
No clock or timing strobe required (DP-28NA) 
¢ Equal access and cycle times 
© Common data input and output: Three state output 
e Directly TTL compatible: All inputs and outputs 
¢ Capability of battery back up operation 





@ ORDERING INFORMATION 


Type No Package TP 32DAY 


HM62256AP-8 

HM62256AP-10 
HM62256AP- 12 
HM62256AP-15 


HM62256ALP-8 600-mil 
HM62256ALP-10 28-Pin 
HM62256ALP-12 Plastic DIP 
HM62256ALP-15 (DP-26) 


HM62256ALP-8SL 
HM62256ALP-10SL 
HM62256ALP-12SL 
HM62256ALP-15SL 
HM62256ASP-8 
HM62256ASP-10 
HM62256ASP-12 
HM62256ASP-15 


HM62256ALSP-8 


@ TSOP SERIES 





Access Time 





Package 











HM62256ALT-8 
HM62256ALT-10 


300-mil HM62256ALT-12 8mm x 14mm 






HM62256ALSP- 10 28-Pin HM62256ALT-15 32-Pin TSOP 
HM62256ALSP-12 Plastic DIP HM62256ALT-8SL (Normal Type) 
HM62256ALSP-15 (DP-28NA) HM62256ALT-10SL (TFP-32DA) 


HM62256ALT-12SL 
HM62256ALT-ISSL 
HM62256ALR-8 

HM62256ALR-10 
HM62256ALR-12 
HM62256ALR-15 
HM62256ALR-8SL 
HM62256ALR-10SL 
450-mil HM62256ALR-12SL 


HM62256ALSP-8SL 
HM62256ALSP-10SL 
HM62256ALSP-12SL 
HM62256ALSP-15SL 
HM62256AFP-8T 
HM62256AFP-10T 
HM62256AFP-12T 
HM62256AFP-15T 
HM62256ALFP-8T 








8mm x 14mm 
32-Pin TSOP 
(Reverse Type) 
(TFP-32DAR) 









HM62256ALFP-10T 28-Pin HM62256ALR-15SL 
HM62256ALFP-12T Plastic SOP 
HM62256ALFP- 15T (FP-28DA) 


HM62256ALFP-8SLT 

HM62256ALFP-10SLT 
HM62256ALFP-12SLT 
HM62256ALFP-15SLT 
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HM62256A Series 


@ PIN ARRANGEMENT 
HM62256AR Series 


HM62256AP/AFP/ASP Series 


16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 





(Top View) 
(Top View) @ PIN DESCRIPTION 
Symbol Function 
Ao-Ai4 Address 
HM62256AT Series 1/Oo-1/07 Tnpe/Oueput 

cS Chip Select 
WE Write Enable 
OE Output Enable 
NC No Connection 
VCC Power Supply 
Vss Ground 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 


oa ee Gee Gree See ree Ce 


(Top View) 
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HM62256A Series 


@ BLOCK DIAGRAM 


Row Memory Matrix 
Decoder 512 x 512 


Column 1/O 


Data Column Decoder 


Input 


Control 


Read/Write Control 
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HM62256A Series 


@ FUNCTION TABLE 


Mode 1/O Pin Ref. Cycle 
Not Selected 


Output Disable Icc 


Write Cycle (1) 
Write Cycle (2) 





Read Cycle 


Note: X: H or L 


@ ABSOLUTE MAXIMUM RATINGS 


Item Unit 
Voltage on any pin relative to Vss Vv 
Power Dissipation Pe ee ote oes eee te 
Operating Temperature 0 to +70 °C 
Storage Temperature —55 to +125 aG 
Storage Temperature Under Bias —10 to +85 °c 


Note: |. VT min =—3.0 V for pulse half-width < 50 ns 








m@ RECOMMENDED DC OPERATION CONDITIONS (T, = 0 to +70°C) 


Supply Voltage 


Input High (Logic 1) Voltage 


Input Low (Logic 0) Voltage 
Note: !. Vi_ min = —3.0 V for pulse half-width < 50 ns 





m@ DC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 5V + 10%, Vss = OV) 


Item Symbol Test Conditions 
Gniauieast 1 Nak = Se le ae MSSVGS 
: CS = Vss or OE = Vyq or 
i saAeaneaek ea | tuol | -— | - | 2 [oa | WE = VIL, Vio = Vss to Voc 
ec | — | 8 | 15 | mA_| CS= Vi, Others = Vin/Vit, low =0mA 
Min Cycle, Duty = 100%, Ilo = 0 mA, 
Cycle Time = Ips, Ivo = 0 mA, 
| toe | — | 8 [| os | m | CS = ViL, Vin = Vcc, VIL =0 
iss | — | o5 [| 3 [ma | CS = Vin 
Siaaivewcied | — | oo | 2 | ma | 7 
Issi | _— | 12 [ 100%? | pa Vin2 OV, CSE Voc 0.2V 
P= 50°38] wa 
ST a a a a a iop=RTmA 
Sian Vig Von) ae Een 


Notes: |. Typical values are at Vcc = 3.0V, Ta = +25°C and specified loading. 
2. This characteristics is guaranteed only for L-version. 
3. This characteristics is guaranteed only for L-SL version. 
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HM62256A Series 





@ CAPACITANCE (T, = 25°C, f= 1 MHz.)*! 


Symbol 


Input Capacitance a eae 
Input/Output Capacitance 


Note: |. This parameter is sampled and not 100% tested. 





m@ AC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 5V + 10%, unless otherwise noted.) 


Test Conditions 


* Input pulse levels: 0.8V to 2.4V 

¢ Input rise and fall times: 5 ns 

e Input and output timing reference levels: 1.5V 

e Output load: 1 TTL Gate + Cy, (100 pF) (including scope & jig) 

@ READ CYCLE 

ie ale 

[Max | Min | Max | Min | Max | Min | Max | 

Read cycle time i 
Address access time | tas | — | 85 | — | 100 | — | 120 | — | 150] os _| 
Chip select access time | tacs | — | 85 [| — | 100 | — | 120 | — | 150] ns _| 


Output enable to output valid | tor {| — | 45 | — [ so | — | o [| — [ 70 | ns | 
Chip selection to outputinlow-Z__— | tz | 10 | — | 10 | — | 10 | —[ 10 | — J] os | 2 
Output enable to output inlow-Z_—— | taz | 5 | — | 5 | ~ {| 5 | —~ | 5s | — JT ns [ 2 
Chip deselection to output inhigh-Z_[ tcuz | 0 [| 30 | o | 35 | o | 40 [| o | so [ ms | 122 
Output disable to output in high-Z | tonz | 0 [| 30 | o | 35 [| o [| 40 | o | So | ns [ 12 
Output hold from address change | ten | 5 | — [| 10 | — | 10 [| — [ 10 [| — J os | 








@ READ TIMING WAVEFORM 
tre 
adareds Rin ee ee 
taa 
tacs 


5 WOy eee 
e Wit ben 


| tonz 
Dout ae Data valid aid KY 
os 
Notes: 1. tCHz and touHz are defined as the time at which the outputs achieve the open circuit conditions 


and are not referenced to output voltage levels. 
2. This parameter is sampled and not 100% tested. 
3. WE is high for read cycle. 
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HM62256A Series 


WRITE CYCLE 
Seek ymmboi | HM62256A-8 |HM62256A-10 | HM62256A-12 | HM62256A-15 oe |e 
ymbo'( Min [Max [ Min | Max | Min | Max | Min | Max | ~™ | “° 
Write cycle time | two | 85 [| — | 100 | — | 120 | — | 150 | — | ns | 
Chip selection to end of write | tcw | 75 | — | so | — | ss [| — | 100 | — [ ns | 
Address setup time ts | o | — | o | ~[ o | ~| 0 | —]| os | 
Address valid to end of write [tw | 75 | — | 80 | — | 85 | — | 100 | — [ ns | 
Write pulse width | twe | 55 | — | 6 | — | 77 | — | 9% | — | ns | 
Write recovery time | twe| o | — | o | —| o | ~| o | — J] ns | 
WE to output in high-Z Ttwaz{[ o | 30 | o | 35 | o | 40 | o | so | ns | 10 
Data to write time overlap | tpw | 40 [| — | 40 | — | so | — | oo | — [nos | 
Data hold from write time tn | o | — | o | —~| o | ~] o | ~—{[ os | 
Output active from end of write ftw | 5 |— [5 |]—[1s5 |—| 5 | —I|{ » | 10 


@ WRITE TIMING WAVEFORM (1) (OE Clock) 








age 2 > 
Address ee ey 
*4 
taw wr 





We 


« TV 














MAS 


tonz “5 
|<—_—_—_———}>>- 


Dot >> D>DDD? 





Din 
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HM62256A Series 





@ WRITE TIMING WAVEFORM (2) (OE Low Fixed) 


Address 


Dout 


Din 


Notes: 


mA B&B WN 


twe 











(AAA MLMLLLLLLL 
YAMS = 


*5 





tas 3 


twHz tow 
<——_—_$__—_—_> 
"7 *g 
BOG SENOS RCs SRN NNER NG A NADAL 
Lf LLL LLL LL LL LLL NA NZAALALAAA 
tow toy 
<<» *9 


. A write occurs during the overlap (twp) of a lowC§ and a WE. A write begins at the later transition of CS going low 


or WE going low. A write ends at the earlier transition of CS going high or WE going high. twp is measured from the 
beginning of write to the end of write. 


. tcw is measured from CS going low to the end of write. 

. tas is measured from the address valid to the beginning of write. 

. twr is measured from the earlier of WE or CS going high to the end of write cycle. 

. During this period, I/O pins are in the output state so that the input signals of the opposite phase to the outputs must not 


be applied. 


. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output remain 


in a high impedance state. 


. Dout is the same phase of the write data of this write cycle. 
. Dour is the read data of next address. 
. If CS is low during this period, I/O pins are in the output state. Therefore, the input signals of the opposite phase to the 


outputs must not be applied to them. 


. This parameter is sampled and not 100% tested. 
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HM62256A Series 


@ LOW Vcc DATA RETENTION CHARACTERISTICS (T, = 0 to +70 °C) 
This characteristics is guaranteed only for L/L-SL version. 















Test Conditions 
CS = Vcc -0.2V, Vin = 0V 
Vcc = 3.0V, Vin 2 OV, 


CS = Vcc -0.2V 





Vcc for Data Retention 















Data Retention Current 






Chip Deselect to Data Retention Time : 
See Retention Waveform 





Operation Recovery Time 








m@ LOW Vcc DATA RETENTION TIMING WAVEFORM 


Data retention mode 








Notes: 1. 20 WA max at Ty = 0 to +40°C. (only for L-version) 
2. 3 uA max at Ty = 0 to +40°C. (only for L-SL version). 
3. CS controls address buffer, WE buffer, OE buffer, and Din buffer. If CS controls data retention mode, Vin levels 
(address, WE, OE, I/O) can be in the high impedance state. 
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HM62832H Series 


32768-WORD x 8-BIT HIGH SPEED CMOS STATIC RAM 


@ FEATURES 
e High speed: Fast Access time 25/35 ns (max.) 
HM62832H-—Low power 


Standby: 300 mW (typical) 
Active: 30 ».W (typical) (L-version) 


e Single 5V supply 


e Completely static memory 
No clock or timing strobe required 


e Equal access and cycle times 
e Common data input and output—Three stage output 
© Directly TTL compatible—All inputs and outputs 


@ ORDERING INFORMATION 


Access 


25 ns 
35 ns 













HM62832HP-25 
HM62832HP-35 


300 mil 28-pin 
Plastic DIP 
(DP-28NA) 


300 mil 28-pin 
Plastic SOJ 
(CP-28DN) 











HM62832HJP-25 
HM62832HJP-35 


25 ns 
35 ns 









(DP-28NA) 


(CP-28DN) 


PIN ARRANGEMENT 





Top View 


DON OO A OND = 





Address 
Input/Output 
Chip Select 
Write Enable 


Output Enable 


Power Supply 
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HM62832H Series 
@ BLOCK DIAGRAM 


Memory Array 


§12X512 





AO Al A2 A3 A10 A3 A4 
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HM62832H Series . 


@ ABSOLUTE MAXIMUM RATINGS 


Voltage on any Pin Relative to Vs |__| aster | Vv 
Storage Temperature Under Bias °C 


NOTE: 1. -2.5 V for pulse width <= 10 ns 


@ FUNCTION TABLE 











Ref. Cycle 







ee 
ee sere ee 


Write Cycle) 
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HM62832H Series 





@ DC CHARACTERISTICS for HM62832H (Ta = 0 to +70°C, Voc = 5V + 10%, Vss = OV) 


cs = Vin or OE = Vin 
Output Leakage Current lIol pA or WE = Viz, 

Vio = Vss to Voc 

Min. cycle, duty = 100%, 
Operating Power Supply Current lec mA | CS=Vy, 

Ivo = OmA 


= [oor [aon | vos 
Standby Power Supply Current OV sV;,, 50.2 V, 


sei ed 


NOTE: 1. Typical values are at Vcc = 5.0 V, Ta = +25°C and specified loading. 








@ CAPACITANCE (T, = 25°C, f = 1MHz) 









Parameter Test Conditions 





Input Capacitance 






Input/Output Capacitance 





NOTE: 1. This parameter is sampled and not 100% tested. 


@ AC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 5V + 10%, unless otherwise noted.) 


Test Conditions 


¢ Input pulse leveis: 0.0 V to 3.0 V © Input and output timing reference levels: 1.5V 
© Input rise and fall times: 5 ns © Output load: See Figures 


Output Load (A) Output Load (B) 
(for torz, torz, tonz» tonz, twuz & tow) 
+5 V +5V 


480 480 


30 pF * 5 pF * 





NOTE: = ‘*Including scope & jig. 
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HM62832H Series 


@ Read Cycle 


Parameter 


Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Output Enable to Output Valid 
Output Hold From Address Change 
Chip Selection to Output in Low-Z 
Output Enable to Output in Low-Z 


Read Cycle Timing (1) *1 


Address 


al 


al 


@ Write Cycle 


Parameter 


Write Cycle Time 

Chip Selection to End of Write 
Address Valid to End of Write 
Address Setup Time 

Write Pulse Width 

Write Recovery Time 

Write to Output in High-Z 

Data to Write Time Overlap 

Data Hold from Write Time 
Output Disable to Output in High-Z 
Output Active From End of Write 


=: 
amma 7, 





228 ee 
| tre | 5 
ee ee 
ee 
al 
| ton | 


toLz 


tOHZ 


HM62832H-25 


eee 
2 aoe ae ace ees 
a 
Chip Deselection to Output in High-Z | tcyz | 0 | 2 | 0 | 
=a 


Output Disable to Output in High-Z 


a eee 


HM62832H-35 


[Mex [Min Tmax] 
Pas Ts 
a 
p25 fas as 
ea a a 
ean eT el ms 
ns 

ns 

15 ns 

ms 


Read Cycle Timing (2) *1. °2. °4 





= 
LL LV LL 
<= 


NOTES: 


Symbol 


25 
20 
2 
1 


= 
fo 


z ot ls — os 


q 


0 


Ss 


5 


= 
a) 


W. 


vs} 


12 


oo 
= 


tOHZ 
tow 5 
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HM62832H-25 


fac 





*1. WE is high for read cycle. 


*2. Device is continuously selected, CS = VIL. 
*3. Address should be valid prior to or coincident with CS transition low. 
*4, OE = VIL. 


HM62832H-35 


| Min. | 
0 
5 
5 


Unit 
M. 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


3 
3 
3 
ee 
i ee 
ae 
Lee 
fee 


ax. Max. 
15 15 
12 15 


ns 
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HM62832H Series 





Write Cycle Timing (1) (OE Clock) 


Dout 


Din 


Address 


Dout Likehnharhnhuhek Mahiuhedh Lhd 





NOTES: *1. A write occurs during the overlap (twp) of a low CS and a low WE. 
*2. twp is measured from the earlier of CS or WE going high to the end of write cycle. 
*3. During this period, 1/O pins are in the output state, The input signals out of phase must not be applied. 
*4, If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, outputs remain in a high impedance state. 
"5. OE is continuously low. (OE = Vin). 
*6. Dou is in the same phase of written data of this write cycle. 
*7, Dour is the read data of next address. 
"8. If CS is low during this period, I/O pins are in the Output state. The input signals out of phase must not be applied to I/O pins. 
*9. WE must be high during all address transitions except when device is deselected with CS. 


@ Low Vcc Data Retention Characteristics (T, = 0 to +70°C) 
This characteristics is guaranteed only for L-version 





Test Conditions 





Parameter 










Vcc for Data Retention 





CS = Vcc - 0.2 V, 
Vin = Vcc - 0.2 V or 
OVsV,, 5 0.2V 






Data Retention Current 






Chip Deselect to Data Retention Time 











Operation Recovery Time 





NOTES: ‘1. trc = read cycle time. 
*2. Vcc = 3.0 V. 


Low Vcc Data Retention Timing Waveform 


Data retention mode 











=q VOR CS2Veg—02V 


@ HITACHI | 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 165 





HM62832UH Series 


32,768-Word x 8-Bit High Speed CMOS Static RAM 


@ FEATURES 
* High speed 
Access time 15/20 ns (max.) 
¢ Low power 
Standby: 15 iW (typ.) (L-version) 
Operation: 550/400 mW (typ.) 
Single 5V supply 
Completely static memory 
No clock or timing strobe required 
Equal access and cycle times 
Common data input and output—Three state 
output 
¢ Directly TTL compatible—Alll inputs and outputs 


@ ORDERING INFORMATION 


15 ns 
20 ns 
15 ns 
20 ns 









Package 














HM62832UHP- 15 
HM62832UHP-20 

HM62832UHLP- 15 
HM62832UHLP-20 


300-mil, 28 pin 
Plastic DIP 
(DP-28NA) 

















HM62832UHJP-1!5 i5 ns : ; 

300-mil, 28 pin 
HM62832UHJP-20 20 ns Plastic SOJ 
HM62832UHLJP-15 15 ns (CP-28DN) 
HM62832UHLJP-20 20 ns 







mg PIN DESCRIPTION 


Pin Name Function 

A0-A14 Address 

1/O0-1/07 Data Input/Output 
cS Chip Select 
WE Write Enable 
OE Output Enable 
Vcc Power Supply 
VSS Ground 


(DP-28NA) 





(CP-28DN) 


@ PIN ARRANGEMENT 


HM62832UH Series 


ON Oa hRWOND = 
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(Top View) 


HM62832UH Series 


@ BLOCK DIAGRAM 


Memory Array 


§12 x 512 


Ao Ay Ag Ag Ato Ais 





@ FUNCTION TABLE 


YO Pin Ref. Cycle 
Standby High-Z 


Icc | Dow | Read Cycle 1, 2,3 
Icc Write Cycle | 
Write Cycle 2 





Note: X: H or L 


M@ ABSOLUTE MAXIMUM RATINGS 


Item Symbol Unit 


Supply Vohiage™ Vv 
Voltage on any Pin Relative to Vss*! Vv 
Power Dissipation eee i W 
Operating Temperature °C 
Storage Temperature -55 to +125 °C 
Storage Temperature Under Bias Be 


Notes |. With respect to Vss 
2. Vcc and VT min = -2.5V for pulse width < 10 ns 


m@ RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to +70°C) 







Supply Voltage 





Vss aS eS Te a 
fe I 8 ee Nera | 
ee 0 at ee cee a 


Note *1. VIL min = —2.0V for pulse width < 10 ns 








Input High (Logic 1) Voltage 
Input Low (Logic 0) Voltage 
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HM62832UH Series 


m@ DC CHARACTERISTICS (Ta = 0 to +70°C, Vcc = 5V + 10%, Vss = OV) 


Item 
Input Leakage Current | |i] | Voc =5.5V,VIN=VsstoVec | — | — | 20 | 
Output Leakage Curent | liuol | CS=Vin, Vyo=VssVec_|— | — | 20 _| 
Operating Vcc Curren | Hee. E15) TxMin, Cycle | — | 100 [120 
Ieci(20)_| Min. Cycle | — | 120 | _150__| 
Te 

ieaiace: | -SoD Gormusce [a 
is5(20) | __CS=Vin.Min. Cycle | — | 30 | 50_| 
Standby Vcc Current (1) IsB1 (L-version) CS 2 Vcc -0.2V, OV s Vin $0.2V | — | 002 | 20 
orvec-0.2v<Vin [~ — | 000 | 01 _| 


Output Low Voltage loL =8 mA | — | — [04 
Output High Vote 7S aaa Tal ae 


@ CAPACITANCE (Ta = 25°C, f = 1.0 MHz)*! 


Input Capacitance 


Unit 
YA 
HA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
V 
Vv 





Output Capacitance 


Note *1. This parameter is sampled and not 100% tested. 


@ AC CHARACTERISTICS (Ta = 0 to +70°C, Vcc 5V + 10%, unless otherwise noted.) 


Input pulse levels: Vss to 3.0V 

Input rise and fall times: 4ns 

Input and Output timing reference levels: 1.5V 
Output load: See figures 


Output Load (B) 
Output load (A) for tour, twrz & tow) 
+5V +5V 


480 480 


5pF* 


Note: * Including scope & jig. 





@ READ CYCLE 
ie 
Min Max Min 
Read Cycle Time ae es Bee ee ee ee 
Address Access Time tAA ee ee eee ee ee 
Chip Select Access Time eee cel eee ee ee Se 
Chip Selection to Outputintow-Z | tcaz*t | 3 | OT 
Output Enable to Output Valid tOE ee ee ee ee ee 
Output Enable to OutputinLow-Z | tou“! = | | CT 
~ Chip Deselection to Output in High-Z Lane PO ee ao | 
Chip Disable to Output inHigh-Z | ton"! | | Tt 
Output Hold from Address Change tOH pp 3 
Chip Selection to Power Up Time tPu be ee Or = ea ee 
Chip Deselection to Power Down Time a eee) eee ee ee ee ee | 

@ HITACHI 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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HM62832UH Series 


@ READ TIMING WAVEFORM (1) *1, *2 


trac 








=F WOO AWE 


Ss Oda QMLLLLLLLLL 1 





tacs a touz 
is tcLz il 
Dout OK KD 








Address 





Dout 





Dout Data Valid >: 
$j 


Vcc Supply 
Current 





Isp 


Notes: . Transition is measured + 200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 
. WE is high for read cycle. 

. Device is continuously selected. CS = VIL. 

. Address valid prior to or coincident with CS transition low 

. OE= VIL. 


Wm B&W N 
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HM62832UH Series 


l@ WRITE CYCLE 

ai Se ae eee ca 
Write Cycle Time ea PE es se |e 
Chip Selection to End of Write fe ee Was cel GY Me eM 1 ee 
Address Valid to End of Write a ee i ee oe eee 
Address Setup Time ar aaa ee a a ee eee 
Write Pulse Width pe WP NO Pe | ee 
Write Recovery Time ae ee ae ee ee a a ee 
Output Disable to Output in High-Z"!_ | tonz, | | ts 
Write to Output in High-2*! Se ae ee 
Data to Write Time Overlap Lg WE OT eas 
Data Hold from Write Time ea | ne ama Oe Sa Le ae ee ee 
Output Active fromEndofWrite*! =| stow. ——s | 3 | CO |] 8 CO | ss 


@ WRITE TIMING WAVEFORM (1) 


| 
2 zy NNN 


ee 
a twr’3 


WE ote eee 
\ 









Sk 
pout TA NN 


LAD DIS LSD ILS tow tbH 


7 OK KAK 
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HM62832UH Series 


@ WRITE TIMING WAVEFORM (2) “6 


twe 


adios OK 


Dout 


Din 


Notes: 1. 


Wn 


ws 


Coen 


10. 


SAN 








twr’s 
YA 
twuz4 
SONORAN i ie RN SEX AR Z\/N/ 
ESP ALISA STI AS ae WY DA 
kx DW DH Pa 


Transition is measured + 200 mV from high impedance voltage with Load (B). This paramter is sampled and not 
100% tested. 


. A write occurs during the overlap (twp) of a low CS and a low WE. 
. TWR is measured from the earlier of CS or WE going high to the end of write cycle. 
. During this period, I/O pins are in the output state so that the input signals of the opposite phase to the outputs must 


not be applied. 


. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, output remain in a 


high impedance state. 


. OE is continuously low. (OE = VIL). 

. Dout is the same phase of write data of this write cycle. 

. Dout is the read data of next address. 

. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs 


must not be applied to them. 
WE must be high during all address transition except when device is disable with CS. 
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HM62832UH Series 


@ LOW Vcc DATA RETENTION CHARACTERISTICS (Ta = 0 to +70°C,) 


This characteristics is guaranteed only for L-version 











ae ae ae ee ee ee 

| iccpr_— | Oo | 2 SOT 
Ec ee ae es Ee eee 
ae ee a eee ee ee 









Vcc for Data Retention 
Data Retention Current 
Chip Deselect to Data Retention Time 
Operation Recovery Time 


CS 2 Vcc - 0.2V, 
Vin 2 Vcc -0.2V 
or OV < Vin S$ 0.2V 










Note *1. Vcc = 3.0V. 


@ LOW Vcc DATA RETENTION TIMING WAVEFORM 


Data retention mode 











CS>Vcc - 0.2V 
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HM67832SH Series 


32,768-Words x 8-Bit High Speed Static Random Access Memory 


@ FEATURES 

© 32,768-words x 8 bit organization 

¢ Directly TTL compatible input and output 

e 0.8um Hi-BiCMOS process 

e +5V Single supply 

© Completely static memory 

¢ Noclock or timing strobe required 

e Low power dissipation (DC) operating: 
400mW (typ) 

¢ Super fast access time: 10/12 ns (max) 


@ ORDERING INFORMATION 


10 ns 
32K x 8 
12 ns 


@ PIN DESCRIPTION 






Package 
300 mil 28 pin 
Plastic SOJ 
(CP-28DN) 









HM67832SHJP-10 
HM67832SHIJP- 12 


Pin Name Function 

Aod-A14 Address Input 

1/01-1/08 Data Input/Output 
WE Write Enable 
cs Chip Select 
OE Output Enable 
Vss Ground 
Vcc Power Supply 





Preliminary 


m@ PACKAGE OUTLINE 


(CP-28DN) 


m@ PIN ARRANGEMENT 


HM67832SH Series 


1 
2 
3 
4 
5 
6 
7 
8 
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(Top View) 


HM67832SH Series 





@ BLOCK DIAGRAM 


Row Memory Matrix 
— Decoder 256 x 1024 


Column I/O 


Ra 
Ee | input 
npu 


Colum 
rw KAAKK 





@ TRUTH TABLE 


High Z Not Selected 


PH | HT HighZ | Output Disable | Icc.iccr__ 
POH | kata ut | Read | tcc tcc__ 
Po TH atatn | Write | Icctcci_ 
po tat Write Ices tecs_ 





@ ABSOLUTE MAXIMUM RATINGS 


Item Symbol Unit 


Supply Voltage“! V 
Voltage on any Pin Relative to Vss"! V 
~ Power Dissipation Te | ee es | eee W 
Operating Temperature Range °C 
Storage Temperature Range (with bias) °C 
Storage Temperature Range °C 


Notes |. With respect to Vss 


Under the DC and AC specifications shown in the Tables, this device is tested under the minimum transverse air flow exceeding 500 
linear feet per minute. 


m@ RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta s 70°C) 







Supply Voltage 
Input High Voltage 


Input Low Voltage 


Note 1. Pulse width 10 ns, DC: -0.5V 
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HM67832SH Series 


mw DC AND OPERATING CHARACTERISTICS (Vcc = 5.0V + 10%, Vss = OV, Ta = 0 to +70°C) 


HM67832-10 HM67832-12 ; 
Unit 


1 


Test Conditions 


Item Symbol 





ab 


Vcc =5.5V, VIN = OV to Vcc 


CS = VIH or OF =, Vin, WE = VIL 
VI/o OV to Vcc 


Operating Power Supply Current CS = VIL, yo =O mA 


Average Operating Current 15 ns Cycle, ljo =0 mA 


Input Leakage Current 


WA 


Output Leakage Current | ILo| pA 


o}Oo ~ 


=] 


CS = Vin, VIN = VIH or VIL 40 mA 
Standby Power Supply Current CS = Vcc -0.2V, VIN < 0.2V or 
ISB VIN > Vcc -0.2V 0 mA 


0.4 


Output Low Voltage JoL = 8 mA Neer 0.4 
Output High Voltage IoH =—4mA | 24 | — | 24 


<l< 


Y JAIBIS w|= 
3 
> 


@ AC CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0°C to 70°C unless otherwise noted.) 
e Read Cycle 


HM67832UH-10 HM67832UH- 12 


Min Max in ax 


Item Symbol Unit 


< 





| Min | Max_| 
Read Cycle Time IRC pr Oe ae 
Address Access Time tAA eee ee oe ee ee ns 
Chip Select Access Time Ripe Br ame Se (eee ee Foe Pe eS 
Chip Selection to OutputinLowZ | uz? J 38 OO ts 
Output Enable to Output Valid eee eee (ae ee ee ae 
Output Enable to OutputinLowZ | tout? = | no | OC OT tO ts 
Chip Deselection to Output inHighZ | tz? | oT | ts 
Output Hold from Address Change tOH lo Hee Le ll ae ns 


Notes 1. This parameter is sampled and not 100% tested. 
2. Transition is measured + 200 mV from steady state voltage with specified loading in Load (B). 


e Write Cycle 


HM67832UH-10 HM67832UH-12 : 
- Unit 


Write Pulse Width twp ns 


Item Symbol : 
| Min _| Max 
Wiite Cycle Time ak eee ee = 
Chip Selection to End of Write tCW fg | ns 
Address Valid to End of Write ee eee eee ee ns 
Address Setup Time tas a eS ns 
a 20 


Write Recovery Time 


Data Valid to End of Write a ee ie ee 
Data Hold Time ae are a 
Write Enable to Output in High Z twz2>3 | oo 
Output Disable to Output in High Z | tonzs3 fl 
Output Active from End of Write An HOWae a ee 


Notes 1. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
2. This parameter is sampled and not 100% tested. 
3 Transition is measured + 200 mV from steady state voltage with specified loading in Load (B). 


ns 
ns 
ns 


Pad 


S 
a 


ns 
ns 
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HM67832SH Series 


mM CAPACITANCE (Ta = 25°C, f= 1 MHz.) 


Test Condition 


Input Capacitance 
Input/Output Capacitance pF Vy/O0 = 0V 





Note: 1. This parameter is sampled and not 100% tested. 


@ AC TEST CONDITIONS 


* Input pulse levels: Vss to 3.0V 

e Input timing reference levels: 1.5V 
° Output load: See figure 

¢ Input rise and fall times: 4ns 

¢ Output Ireference levels: 1.5V 


480Q 480Q 
Output Output 
255Q 30pF* 255Q 5pF* 
Output Load (B 


Output Load (A (for tHz, tLz, tonz, toiz, fe & tow) 





*includes scope and jig capacitance 
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HM67832SH Series 


@ TIMING WAVEFORMS 
e Read Cycle -11 


“RC 


Address ee ee 


taa 


SWS OS PIIIIIL ILS. 








s With eh 


tacs 
t tyz 


je—__4 
ca OK ___Datavaid XK XD 


High Impedance 





Notes 1. WE= VIH. 
e Read Cycle -21, 2,3 
tac 


Address ea eee a 


taa ton 
tou 


\ Y 
Data Out Previous Data Valid XXX> Data Valid aN X 


Notes 1. WE = VIH. 
2. CS=VIL. 
3. OE=VIL 


e Read Cycle -31: 2, 3 


tro 





Data Out 
High Impedance 


Notes |. WE = VIH. 
2. OE= VIL. —_ 
3. Address valid prior to or coincident with CS transition low. 
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HM67832SH Series 


8 TIMING WAVEFORMS 
¢ Write Cycle -11 (OE = H, WE Controlled) 





os QS ee 
Me WW ZZZZZZZ7 


pataout XX XXXXXXXAAAKAM KKKKKX 
Baiede High Impedance 


Note 1. A write occurs during the overlap of a low CS and a low WE t(wP). 


e Write Cycle -21 (OE = H, CS Controlled) 


twe 
Address ee 
cs — aaa 
| XN \ twr 
twe_ [1] 


WE \\QQQOOQOOO AAA MALLLTLL LL LT, 
<—_ tow [to 
patain XXXXXAKXAKRXAM? AXAXKAX 


Note 1. A write occurs during the overlap of a low CS and a low WE (twp). 
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HM67832SH Series 














i ete ce = Clocked, WE Controlled) 
OE al NH NANAANNAY 
QA — LITE. 








taw -<] ma 
WE 
2 = ime 


High Impedance 





Data Out 
tpw 


High Impedance \7 {oa V7™ High Impedance 
Data In XX Data Valid eS. 


Notes |. A write occurs during the overlap of a low CS and a low WE twp). 
2. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 


be applied. 








¢ Write Cycle -41, 2 (OE = Clocked, CS Controlled) 


two 


str — 














OE ceammanne a WA dnnnd 
: ane ee 

_ a ae 

WE \ twe [1] / 


j<—>|tbH 


tow 
oon XA Datavaiid 7K XD 


High Impedance 





Data Out 


Notes 1. A write occurs during the overlap of a low CS and a low WE (twp). -_ 
2. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in a high 


impedance state. 
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HM67832SH Series 





@ TIMING WAVEFORMS 
e Write Cycle -51; 2, 3, 4 (OE = L, WE Controlled) 


- Sareea nn eee 


: a ory 


twr [2] 
Data Out SCSTSTSTSISTSTSEEET High impedance | aN 
fff f f f f f f f ff ff ; is NO SINAN 
DW 


[4] 


High Impedance High Impedance 
Data In g p CX Data Valid g P 


Notes 1. A write occurs during the overlap of a low CS and a low WE t(wp). 
2. During this period, I/O pins are output state so that the input signals of opposite phase to the outputs must not 
be applied. 
3. Output data is the same phase of write data of this write cycle. 
4, If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to the outputs 
must not be applied to them. 


© Write Cycle -61; 2 (OE = L, CS Controlled) 
two 


Address 


; jt 









WE WARWURUAYAN' | a ie a 
ee ee 
ae faN ee ee impedance = 
Data In ——<K datavaid XX XX XXX 
Notes 1. A write occurs during the overlap of a low CS and a low WE (twp). 


2. If the CS low transition occurs after the WE low transition, output remain in a high impedance state. 
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HM6208H Series 





65536-Word x 4-Bit High Speed CMOS Static RAM 


The Hitachi HM6208H is a high speed 256k static RAM organized 
as 64k-word x 4 bit. It realizes high speed access time (25/35) and 
low power consumption, employing CMOS process technology and 
high speed circuit designing technology. It is most advantageous 
wherever high speed and high density memory is required, such as 
the cache memory for main frame or 32-bit MPU. 

The HM6208H is packaged in the industry standard 300-mil, 24 
pin, plastic DIP. The HM6208H is also available in a 300-mil, 24 pin, 
plastic SOJ package for high density mounting. The low power ver- 
sions are ideal for battery backed systems. 


Features 


¢ Single 5 V supply and high density 24-pin package 
Access time 25/35 ns (max.) 


High speed: 

Low power 
Active: 
Standby: 


300 mW (typ.) 
100 pW (typ.) 


30 pW (typ.) (L-version) 
Completely static operation requires 


No clock or timing strobe 


Access and cycle times are equivalent 
All inputs and outputs TTL compatible 
Capability of battery back up operation (L-version) 


Ordering Information 























Type No. Access Time 
HM6208HP-25 25 ns 
HM6208HP-35 35 ns 
HM6208HLP-25 25 ns 
HM6208HLP-35 35 ns 
HM6208HJP-25 25 ns 
HM6208HJP-35 35 ns 
HM6208HILP-25 25 ns 
HM6208HJLP-35 35 ns 

Pin Description 
Pin Name Function : 
AQ - Al5 Address _ 
YO1-1/04 — InpuyOutpur—- 
CS __ Chip select 
WE Write enable 
Vcc Power supply 
Vss Ground 








(DP-24NC) 


Pin Arrangement 





Package 
300-mil 
24-pin 
plastic DIP 
(DP-24NC) 


300-mil 
24-pin 
plastic SOJ 
(CP-24D) 


(Top View) 
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HM6208H Series 


Block Diagram 





Memory Array 


256 1,024 











Input 
Data 
Control 












Function Table 





Cs WE Mode Vcc Current 1/0 Pin Ref. Cycle ; 
H x Not selected Isp, Isai High-Z — ae 
L H Read Icc Dout ~ Read cycle 
L L Write Iec Din “Write cycle 


Note: x means don't care. 


Absolute Maximum Ratings 











Item Symbol Value a Unit 
Voltage on any pin relative to Vss Vin -0.5"! to +7.0 v..OC~™ 
Power dissipation Pr 1.0 WwW 
Operating temperature range Topr 0 to +70 °C 
Storage temperature range Tg -55 to +125 °C 
Storage temperature range under bias Thias 7 ~10 to +85 °C 


Note: *1. Vin min = -2.5 V for pulse width < 10 ns. 
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HM6208H Series 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 























Item Symbol Min Typ Max Unit 
Vcc 45 5.0 5.5 Vv 
Supply voltage aaa Te 0 0 0 Vv 
Input high (logic 1) voltage Vin 39 a 6.0 Vv 
Input low (logic 0) voltage Vi. ~-0.5°! — 0.8 V 








Note: *1. VL min =-2.0 V for pulse width < 10 ns. 


@ DC Characteristics (1, = 0 to +70°C, Vcc = 5 V + 10%. Vss = 0 V) 


































T ate 
Item Min. Typ.*! Max, Unit Tt Test Conditions 
ie Vireo Mac 
Input Leakage Current _ _ 2.0 pA cc > Max 
Vin = Vss to Voc 
\cs=v 
Output Leakage Current _ _ 10.0 pA aH 


| Yvo = Vss t0 Veo 
CS = ViL- Ino = OmA, 





















































Operating Power Supply Current Icec _ 60 100 mA Min. Cycle. Duty = 100% 
; to 

Standby Power Supply Current Isp ~ 15 30 mA end, 
+ + 4 CS = Viy. Min. Cycle 

Standby Power Supply Current “H™ Version Isg _ 20 40 mA 

Standby Power Supply Current _ 20 2000 pA CS = Voc - 0.2 V 

fn ——+ +— 10V <V, $0.2 Vor 
Standby Power Supply Current L-Version — 6 100 pA Vin = Voc - 0.2V 
Output Low Voltage —_ _ 0.4 Vv lo, = 8 mA 














Output High Voltage loy = -4.0 mA 





Note: — *1. Typical limits are at Voc = 5.0 V, T, = +25°C and specified loading. 


Capacitance (Ta = 25°C, f = 1MHz)" 


Item Symbol Min Max Unit Test Conditions 
Input capacitance Cin — 6 pF Vin=0V 
Input/output capacitance Cvo — 10 pF Vo =0V 





Note: *1. This parameter is sampled and not 100% tested. 


AC Characteristics (Ta = 0 to +70°C, Vcc = 5 V + 10%, unless otherwise noted.) 

Test Conditions 

* Input pulse levels: Vss to 3.0 V * Input and output timing reference levels : 1.5 V 
¢ Input rise and fall times: 5 ns * Output load: See Figures 


— 
Output Load (A) Output Load (B) 


(for tz, tuz, twz & tow) 








+5V 


4802 4802 


2550 30pF 2550 SoF # 








tee eteet _ 


Note: * Including scope & jig. 
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HM6208H Series 


@ Read Cycle 


Item Symbol HM6208H-25 HM6208H-35 Unit 


Read Cycle Time R | 25 ns 

Address Access Time AA ns 

Chip Select Access Time A fe 22 tire va ns 

Output Hold From Address Change 0 4 oem ns 

Chip Selection to Output in Low-Z | tz | 5 | ns 
(ioe 


Chip Deselection to Output in High-Z ns 


Chip Selection to Power Up Time 


Max. 
35 
35 
20 

ns 
25 


ns 


| Max. | Min. 
ee ee 
ae ae ee ee 
ese eee 
ae a a ed 
a ae 
Us eet (a as 
ee ae ee 
ae ea 


Note: *1 Transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 


Chip Selection to Power Down Time 


Read Timing Waveform (1) °°”? 








High 


Impedance 


Vee supply 


current 





Notes: *1. WE is high for read cycle. 
*2. Device is continuously selected, CS = Vo. 
*3. Address valid prior to or coincident with CS transition low. 


© HITACHI 
184 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300 


HM6208H Series 
@ Write Cycle 


lays Symbol a HM6208H-35 Unit 
in. ; 


in 


f=S) 
ral 


8 


© 
2 


oo 
f 
ws 


Ww 
vay 


Write Cycle Time 

Chip Selection to End of Write 
Address Valid to End of Write 
Address Setup Time 


Write Pulse Width 


ise) 
o 
i) 
an 


ns 


= 
Yi 
ple 


lad 


w 
oO 


Al ns 


A ns 


twp ns 


; 


Write Recovery Time ns 


Data Valid to End of Write 20 ns 
Data Hold Time fo ns 
Write Enabled to Output in High-Z twz | Oo | ns 
Output Active From End of Write ty! | 0 | ns 


Note: *1 Transition is measured +200 mV from high impedance voltage with Load (B). This parameter is ampled and not 100% tested. 





Write Timing Waveform (1) (WE Controlled) 





twe 


SAAAA Oa Waa awe 


a2 











twa 





tas 


. cA a 
: OK a [XX 


tow #5 






















FETIP oN JN. 
Pe Mae ee oy LLIN 
“i 
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HM6208H Series 


Write Timing Waveform (2) (CS Controlled) 


= 
a 





SAA ALDI ILL LT 7 


(=) XXXXKX 


High impedance @4 


Low Vcc Data Retention Characteristics (T, = 0 to +70°C) 
These characteristics are guaranteed only for L-version. 





Item Symbol Min Typ Max Unit 
Vcc for data retention Vopr 2.0 = oe Vv 
Data retention current Icoor = 1 50 WA 
Chip deselect to data retention time _tcpr 0 _- — ns 
Operation recovery time IR Roh ns 


Notes: *1. trc= read cycle time. 
*2, Vec = 3.0 V. 


Low Vcc Data Retention Timing Waveform 


Data retention mode 


Sz Veo —0.2V 





Test Conditions 


CS 2 Vcc - 0.2 V, 
Vin 2 Vcc - 0.2 V or 
OV<Vin<s0.2V 
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HM6708 Series 


65536-word x 4-bit High Speed Hi-BiCMOS Static RAM 


The HM6708 Series has been converted to the HM6708A Series. The new A Series is com- 
pletely compatible with the non-A Series. 


Please refer to the specification comparison below to assist in your conversion. 

















HM6708 HM6708A 
20 25 —4_| _4# _t__# __ 
min. max. min. max. | min. _| min. max. min. max. | Unit 
DC “Wiis ce ale a ae a I 
ilo | | wl | of | ponte BE wA 
oe | | oof | too] 0 wo] —|__100 | ma 
Jeg — pol | _—wof | _—ot | of S| 0 [ma 
Isp 30] | 30 S| of S| 0] S| 30m 
pt [| | of | tot ma 
Vo | [| o4f | o4f | o4f  [ o4| | o4lv 
ae eS a a) ee ee | ee ee 
Reads Viggee N 20 pet a5 i 20, | 
Ee a 7) Ve 5 ae) ee 
Ce a a Ce) SU ec ee | 
Cri Ne a cal = hs Sin 
a C0) 2 2 
tz | of —8|_ of sto] of of of 8 Oe 10 ns 
Write [two | 20] | 25} | ts] Tos ns 
tw | {| of | tts ts 
tw | st | ao} | tts os 
Nae SI OP Ole oO) Oe 0) ns 
ltwe | sf | of | ts tT ts 
(wR 2 a 2 ee Ye eT) ee ae 
tpw | 15/20| | ost | S| tof | | 
ree a RS CR ee ener ean (a 
twz | of ise] of asof of of ot 0 [ns 
tw | of | of | of [| of {of {ns 
* Modified specifications 
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Preliminary 


HM6708A Series 


65536-Word x 4-Bit High Speed Static RAM 
@ FEATURES 


¢ 65536-words x 4 bit organization 
Fully TTL compatible input and output 
1.0y Hi-BiCMOS process 

+5V single supply 

Completely static memory 

No clock or timing strobe required 

¢ Low power dissipation (DP-24NC) 


Operating: 450mW (typ.) 


e Super fast 
(CP-24D) 


Access time: 15/20/25 ns (max.) 


B@ ORDERING INFORMATION 


Access Time 


15ns 
20ns 
25ns 


15ns 
20ns 
















Package 


300 mil 24 pin 
Plastic DIP 
(DP-24NC) 


300 mil 24 pin 
Plastic SOJ 





HM6708AP-15 
HM6708AP-20 
HM6708AP-25 


HM6708AJP-15 
HM6708AJP-20 





@ PIN ARRANGEMENT 


















HM6708AJP-25 25ns (CP-24D) 1 
2 

@ BLOCK DIAGRAM 3 
4 

A2 © 5 
A30 —O Voc 6 
Ag O —OVsg 7 

Azo Memory Matrix 8 

Aso 256 X 1024 9 


=— = 
=—- oO 


| Column vO | Column vO 
| Column Decoder | Decoder 


_ 
Le) 





(Top View) 


@ PIN DESCRIPTION 


Pin Name Function 
Address Input 
Data Input/Output 
Write Enable 
Chip Select 





Power Supply 
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HM6708A Series 


@ ABSOLUTE MAXIMUM RATINGS 


em Uni 
Terminal Voltage to Vss Pin Vv 
Power Dissipation es 
Operating Temperature Range 2C 
Storage Temperature Range (with bias) °C 
Storage Temperature Range °C 


@ RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C) 







Supply Voltage 










Input High (Logic 1) Voltage 
Input Low (Logic 0) Voltage 
*Pulse width 20ns, DC: -0.5V 





m@ FUNCTION TABLE 













Ref. Cycle 


Mode 
Not Selected High Z 






@ DC AND OPERATING CHARACTERISTICS (Vcc =5.0 V + 10%, Ta=0 to + 70°C) 


Item ymbol Test Conditions MOUS Moen 2029 Unit 
Input Leakage Current Vec=5.5 V, Vin=0 V to Vcc 


Read Cycle (1) (2) 
Write Cycle (1) (2) 







CS=Vjq. Vy9o=0 V to Vcc 
CS=Vj,. Iyo=0 mA 


|= | — | 
| — | — | 
= | | 
min. cycle, Duty: 100% ae 140 
Tg=0 mA 
ae 
| — | — | 
| — | 


t= 


a. ” 
4 | 
Oo 


Output Leakage Current 
Operating Power Supply Current 


Icc 
Average Operating Current Icc1 
Isp | CS= Vy) Vin = Vin oF Vin 


Standby Power Supply Current Ispy_ | CS=Vcc-0.2 V 
Vin <0.2 V or VIN =Vcoc-0.2V 


Output Low Voltage Vou 0. 
Output High Voltage Vou | = | 2. 


m@ AC CHARACTERISTICS (Vcc=5 V+ 10%, Ta=0 to +70°C, unless otherwise noted.) 


nN 


wo 
iN 


e Read Cycle 

symbol |_HMS708A-15 HM6708A-25 | 1, 
Read Cycle Time Pitre {| is [ = | 20 | - | 2 | — | os 
Address Access Time Pits | — [| os | — | 2% | ~ | 25 | os 
Chip Select Access Time Piucs | — | 5 | — | 2 | — | 25 | os 
Output Hold from Address Change btu sng te se, UU oe lp eee ns 
Chip Selection to Output in Low Z mes eae eo ns 
Chip Deselection to Output in High Z idl o | «6 | o [| 8 | 5s | wo | ns 


NOTES: 1. This parameter is sampled and not 100% tested. 
2. Transition is measured +200 mV from steady state voltage with specified loading in Load(B). 


@ HITACHI 
Hitachi America, Ltd. © Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 189 





HM6708A Series 


¢ Write Cycle 


Item Symbol 


HM6708A-25_| , 
| Max. | Min. | Max. | Min. | Max. 


Write Cycle Time 1) ns 


Chip Selection to End of Write 


= 
o 


ns 


| Min. 

eis a SS 2 Aa 

Sa a a ee a esl 
Address Valid to End of Write rege ane oC Gee: ae aa ns 
Address Setup Time a ee ee ea eee 
Write Pulse Width | twe | wo | ~ | 6 | ~ | 2% | ~ | os 
Write Recovery Time twr | o | — | o | — | o | = | 2s 
Data Valid to End of Write oe ee eee ee 
Data Hold Time | tx | o | — | o | — | o | — | os 
Write Enable to Output in High Z tw72) 3) 50h er Ge fee sl ee 0-5 tor | ns 
Output Active from End of Write es es ee ns 


NOTES: 1. All write cycle timings are referenced from the last valid address to the first transitioning address. 
2. This parameter is sampled and not 100% tested. 
3. Transition is measured +200 mV from steady state voltage with specified loading in Load(B). 


@ CAPACITANCE (Ta=25°C, f=1MHz) 


Test Condition 


Input Capacitance C 


1) 
IN 
Output Capacitance 


NOTES: 1. This parameter is sampled and not 100% tested. 





@ AC TEST CONDITIONS 


¢ Input pulse levels: Vs, to 3.0 V ¢ Input rise and fall times: 4ns 
¢ Input timing reference levels: 1.5 V ¢ Output reference levels: 1.5 V 
¢ Output Load: See figure 


+5 V 
4800 


+5 V 
4800 


5 pF * 


30 pF * 


Output Load B 
Output Load A (for tuz> tiz> twz & tow) 


“Including scope and jig capacitance. 
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nit 





HM6708A Series 


@ TIMING WAVEFORM 
¢ Read Cycle (1) (1) (2) 


Address 


Data Out Previous Data Valid 





¢ Read Cycle (2) (1) (8) 





CS 





Data Out 





Data Valid 
High 


Impedance 


High tmpedance 


NOTES: 1. WE is High for READ cycle. 
2. Device is continuously selected, CS = Vi. 
3. Address valid prior to or coincident with CS transition low. 


@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300 191 


HM6708A Series 
¢ Write Cycle (1) (WE Controlled) 


two 


oa er ee 
WE QQ 


OK tea vas KD 


Din 







twz (3 ton(6 
TJJt/iltlLL LLL L222 2 High Impedance LIVIN 
Dout LANKAN ASAIN SSS SOR WYVYV/NA 


¢ Write Cycle (2) (CS Controlled) 


two 
Address C. 

re 
z a Oe 
S 


twe 


ESS SS 7 
ouain  KXXRRRKKRKRKKRRIOK baa vais KEK 


High Impedance (2) 


O 





Dout 


NOTES: 1. A write occurs during the overlap of a low CS and a low WE (twp). 
2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 
3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 


be applied. 
4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 


buffers remain in a high impedance state. 

. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the 
outputs must not be applied to them. 

. Output data is the same phase of write data of this write cycle. 


iF) 


an 


© HITACHI 
192 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 ¢ (415) 589-8300 


HM6708SH Series 


65,536-words x 4-Bit High Speed Static Random Access Memory 


@ FEATURES 


65,536-words x 4 bit organization 

Directly TTL compatible input and output 

0.8 um Hi-BiCMOS process 

+5V single supply 

Completely static memory 

No clock or timing strobe required 

Low power dissipation (DC) operating: 400mW typ 
Super fast access time: 10/12ns (max) 


@ ORDERING INFORMATION 










Organ- Access Time 


ization 


10 ns 
64k x4 12 ns 


@ PIN DESCRIPTION 


Package 














HM6708SHJP-10 
HM6708SHJP- 12 


300 mil 24 pin 
Plastic SOJ 
(CP-24D) 


Pin Name Function 

A(Q-Al5 Address Input 

V/O\-1/04 Data Input/Output 
WE Write Enable 
cs Chip Select 
VSss Ground 
Vcc Power Supply 
NC Not Connect 


Row 
Decoder 


MMMM MMM 





Input 
Data 
Control 








Preliminary 





(CP-24D) 


@ PIN ARRANGEMENT 
HM6708SH Series 


AN OOF WD 


Memory Matrix 
256 X 1024 





Column 


1/0 





Column Decoder 


egns 





664656646 4 


A13 


Ai2 


Ata A 


4 Ass Ao Ay 





























(Top View) 























© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 193 





HM6708SH Series 


@ TRUTH TABLE 







Ref. Cycle 







in 


Not Selected Isp, ISB1 
High Z Write “1” icc. Iccl 






Read Cycle (2), (3) 
Write Cycle (1), (2) 





Item Unit 
Supply Votiage! en cea A Vv 
Voltage on any Pin Relative to Vss a Ce a Lol es 

Power Dissipation Re ee W 
Operating Temperature Range °C 
Storage Temperature Range (with bias) °C 
Storage Temperature Range °C 


Note: 1. With respect to Vss. 


Under the de and ac specifications shown ing the Tables, this device is tested under the minimum trasverse 
air flow exceeding 500 linear feet per minute. 


@ RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta < 70°C) 








Supply Voltage 





Input High Voltage 
Input Low Voltage 
Note: |. Pulse width 10 ns, DC: -0.5V 


m@ DC AND OPERATING CHARACTERISTICS (Vcc = 5.0V + 10%, Vss = OV, Ta = 0 to +70°C) 


a 


Test Conditions 


Item Symbol 


Unit 





Input Leakage liu! Vcc = 5.5V, VIN=0V to Vcc 
Output Leakage | ILO | CS = ViH or OE = Vin, WE = VIL 
Current V1i0 =0V to Vcc 

CS = VIL, yo =OmA 


Operating Power 


A 
Supply Current 


= = 
5 


iS) 

N 
we 
S 
RQ 


Average Operating Iccl 15ns cycle, l1/o = OmA 175 mA 

Current 

Standby Power 

Supply Current IsBI CS => Vcc = 0.2V 30 30 mA 

VIN $ 0.2Vor VIN 2 Vcc - 0.2V 

Output Low Voltage IOL = 8mA zh ese Vv 

Output High Voltage IoH = .4mA 2.4 Vv 
8 
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HM6708SH Series 


@ AC CHARACTERISTICS (Vcc = 5V + 10%, TA = 0°C to +70°C, unless otherwise noted.) 
e Read Cycle 


ie [oe [we | 
Read Cycle Time tRC re eae i ae ee ns 
Address Access Time tAA Lae eas ns 
Chip Selction to Output in Low Z i ae eS ea es ns 
Chip Deselection to Output in High Z Se Dea ear aES ns 
or 


Output Hold from Address Change 


a Soe ae eee ee 
Notes: 1. This parameter is sampled and not 100% tested. 


2. Transition is measured + 200 mV from steady state voltage with specified loading in Load (B). 





¢ Write Cycle 


Min. Max Min. Max. 
Chip Selection to End of Write tCw a oe ee ee ee ns 
Address Valid to End of Write taW Loren |ee ete a] GUD i --2anr ns 
Address Setup Time tas oe ae ee ee ns 
Write Pulse Width twP Poe. Mile wee ul| ogee en, ol ns 
Write Recovery Time twR ie ae ee ee ns 
Data Valid to End of Write tDW ee a ee ee ns 
Write Enable to Output in High Z a ee ee ee ee ee ns 
Output Active from End of Write toH2”3 es Sree ns 


Notes: 1. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
2. This parameter is sampled and not 100% tested. 
3. Transition is measured in + 200 mV from steady state voltage with specified loading in Load (B). 
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HM6708SH Series 


* Capacitance (Ta = 25°C, f = 1MHz) 





Parameter 






Test Conditions 






Input Capacitance 
Input/Output Capacitance 


Notes 1. This parameter is sampled and not 100% tested. 


@ AC TEST CONDITIONS 
¢ Input pulse levels: Vss to 3.0V e |nput rise and fall times: 4ns 
¢ Input timing reference levels: 1.5V © Output reference levels: 1.5V 


¢ Output Load: See figure 


Output Load (B) 


OuiRet eae ey (for tuz, tuz, touz, totz, twz, a tow) 


+5V +5V 


4800 48002 
Output Output 
2550 30pF* 2550 5pF* 


Note: * Including scope and jig capacitance 
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HM6708SH Series 
g@ TIMING WAVEFORMS 


Read Cycle No. - 11 





Address 

















Data Out 
High Impedance 


Notes: 1. WE = VIH 


Read Cycle - 2 1,2,3 








Address 





Data Out Previous Data Valid 





Notes: 1. WE = VIH 
2. CS = VIL 


Read Cycle -3 1: 2, 3 


tro 


«<—; tacs ee tuz 
LZ 
KX 
Data Valid 
Data Out High Impedance xX> xD 


Notes: 1. WE = VIH — 
2. Address valid prior to or coincident with CS transition low. 
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HM6708SH Series 


Write Cycle -11 


two 


Address ge ee 
Ss AAA TIT IAI LIL LLL 


tas twr 


: 
5 twp mM 
tow toy 


WE \\ 
Datain XXX KAAAOK OKAY) 


High Impedance 

















Data Out 


Note: 1. A write occurs during the overlap of a low CS and a low WE (twp). 


Write Cycle -2 1 


Address 














High Impedance 


Data Out 


Note: 1. A write occurs during the overlap of a low CS and a low WE (twp). 
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HM6708SH Series 


Write Cycle - 3 1,2 





je | 


Address eee 
s SOMOS WLLLALLLLLL 


tas tt twr 


twp 
ue a ‘KR 8 


High Impedance 








Data Out 


tow tou 





High Impedance 


—<_-— 
Data In gr. impedance <Y Data Valid ¥Y 


Notes: 1. A write occurs during the overlap of a low CS and a low WE (twp). 
2. During this period, I/O pins are in the output state so that the input state of 
opposite phase to the outputs must not be applied. 





Write Cycle - 4 1: 2 (OE = Clocked CS Controlled) 








i 
Y 


Address ee 
es Oia VIP IIS TT 









taw 


tas iH twr 


twe 
oe a KK CU 8 


High Impedance 
Data Out z P 


t t 
DW ae DH 





High Impedance 


DataIn ar. impedance CY Data Valid xy’ 


Note: 1. A write occurs during the overlap of a low CS and a low WE (twp). 
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HM6708SH Series 


Write Cycle - 5 1,2, 3,4 














os AAA TILIA TILT 





ii WK 7 
twz 


[2] tou 
. tow i 
Data Out WOOTTON NON ONY High Impedance |< NL 7 
ata Out. “77 fr i we 
DW DH 
ee | ~. a 





[4] 
High | High Imped 
Data In sonombogance <¥ Data Valid SS igh Impedance 


Notes: 1. A write occurs during the overlap of a low CS and a low WE (twp). 
2. During this period, I/O pins are output state so that the input signals of opposite phase to the outputs must not be applied. 
3, Output data is the same phase of write data of this write cycle. 
4, If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to the outputs must 
not be applied to them. 


Write Cycle - 6 1, 2,6 


twe 





Address 


tas 








twr 


MI LLLIL TTL LT 





A 


WE AAAAMAAN AN 


tLz |< Z 


High Impedance 
tow tbH 
|e | >| 


a CX bata vane YXXXXXKXXK 


Notes: 1. A write occurs during the overlap of a low CS and a low WE (twp). 
2. If the CS low transition occurs after the WE low transition, output remain in a high impedance state. 
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HM6709 Series 


65536-word x 4-bit High Speed Hi-BiCMOS Static RAM 


The HM6709 Series has been converted to the HM6709A Series. The new A Series is com- 
pletely compatible with the non-A Series. 


Please refer to the specification comparison below to assist in your conversion. 





HM6709A 
| ts 
pe [m | | 2] tt nk 


[eee a Rd 

toot | | of Tot | ozo] 20 ma 
iy =| | 30f, | of | 080 ma 
a mA 
Vy | | oats Ts V 
et Gn 1 9 9 

Read fee ao] ass 20] 28s] a 
tan | | ots ts 05 Is 
tacs [| [| 20} | ast fs] 0s Is 
Fc Ga) G7 Ce (A ee | eee 
CP) 9 Dd ee) 
ee ee) 


Z a 
Write [two [| 20] | sf | ts] | 0s 
== a 


| 0} | ee ee) eee 
tw | is] | of | tots ns 
ae ee ee ee ns 


pos. 
tow | of | of | of ST tof STs 


* Modified specifications 
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HNM6709A Series ——_—Preliminary 


65536-Word x 4-Bit High Speed Static RAM 
@ FEATURES 
¢ 65536-words x 4 bit organization 
e Fully TTL compatible input and output 
® 1.0um Hi-BiCMOS process 
e +5V single supply 
¢ Completely static memory 
No clock or timing strobe required 
e Low power dissipation 
Operating: 450mW (typ.) 
e Super fast 
Access time: 15/20/25 ns (max.) 
OE access time: 7/10/10ns (max.) 


(DP-28N) 


@ ORDERING INFORMATION 


Access Time 









Package (CP-28DN) 











HM6709AP-15 15ns 300 mil 28 pin 
HM6709AP-20 20ns Plastic DIP @ PIN ARRANGEMENT 
HM6709AP-25 25ns (DP-28N) 













15ns 
20ns 


HM6709AJP-15 
HM6709AJP-20 


300 mil 28 pin 
Plastic SOJ 






Memory Matrix 
256 X 1024 


1 
HM6709AJP-25 25ns (CP-28DN) 2 
3 
@ BLOCK DIAGRAM 4 
5 
A2 O 6 
Ag —OVoc 7 
8 
9 










Column I/O 


Column Decoder 
PabsbabsLakc Laks bak lake tale 





(Top View) 


M@ PIN DESCRIPTION 


ts Pin Name Function 

ee Ag-Ay Address Input 
1/0,-1/0, Data Input/Output 
WE Write Enable 
cs Chip Select 
OE Output Enable 
Vv Ground 
V Power Supply 
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HM6709A Series 


@ ABSOLUTE MAXIMUM RATINGS 


item tn 
Terminal Voltage to Vsg Pin Vr Vv 
Power Dissipation 1.0 WwW 
Operating Temperature Range °C 
Storage Temperature Range (with bias) -10 to +85 °C 


Storage Temperature Range Tyg -55 to +125 °C 








Mm RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C) 


Item 








Supply Voltage 





Input High Voltage 
Input Low Voltage 
*Pulse width: I5ns, DC: -0.5V 


@ FUNCTION TABLE 
| H | H___| Output Disabled Ice, Ieci 
i 


L 
Write Sse = 
| lec tecr | Dataln 



















Read Cycle (1) (2) (3) 
Write Cycle (1) (2) (3) (4) 
Write Cycle (5) (6) 









m@ DC AND OPERATING CHARACTERISTICS (Vcc =5.0 V + 10%, Ta=0 to +70°C) 


| HM6709A-15_]HM6709A-20/2 
Input Leakage Current In| | Vec=5-5 V, Vn=0 V to Voc 


CS= Vin or OE=Vyy;, 


wa 


Unit 


nN 


Item 


= 
> 


Output Leakage Current ILol | WE=Vy, 10 | pA 


Vi/O=0 V to Vcc 


| os Pie 
2s 





Operating Power Supply Current CS=Vj, lyo=0 mA | 100 | mA 

Average Operating Current Icci min. cycle, Duty: 100% 1220 |mA 
I O =0mA 

[Isp | CS=Vyy, Vay=Vin oF Vi 30_|mA 

CS mA 


Standby Power Supply Current S=Vcc-0.2 V 


C 
Vin $0.2 V or Viy=Voc-0.2V 


Ispi 


: z 
a ij 
Ne 

Gs} 

© =| WwW ms < 
S S 
oS 3 
eet 

as} 


o 
iL s 
<ji< 


Output Low Voltage ; 
Output High Voltage | 


@ CAPACITANCE (Ta=25°C, f=1MHz) 


Input Capacitance 





Output Capacitance 
NOTES: 1. This parameter is sampled and not 100% tested. 


@ HITACHI 
Hitachi America, Ltd. © Hitachi Plaza ¢ 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 (415) 589-8300 203 





HM6709A Series 


@ AC CHARACTERISTICS (Vcc =5 V+ 10%, Ta=0 to +70°C, unless otherwise noted.) 
¢ Read Cycle 


HM6709A-15 HM6709A-20 | HM6709 


> 
N 
Wr 


Item Symbol 


= 
“ 


MTN 


Read Cycle Time 
Address Access Time 
Chip Select Access Time ACS 
Chip Selection to Output in Low Z tp). 2 
Output Enable to Output Valid 
Output Enable to Output in Low Z 
Chip Deselection to Output in High Z ty) 2 
Output Hold from Address Change 


NOTES: 1. This parameter is sampled and not 100% tested. 
2. Transition is measured +200 mV from steady state voltage with specified loading in Load(B). 


a L> ¥,) 
= 


O 
FLEE 
Bewuaddag 
eG 
PEEP PF 
eel Pel 
cawuaddod 


e Write Cycle 


HM6709A-15 HM6709A-20 HM6709A-25 


Item Symbol 
Min 


Write Enable to Output in High Z twz2)> 3) 
Output Disable to Output in High Z | toy? 

Output Active from End of Write ow) 3) 
NOTES: 1. All write cycle timings are referenced from the last valid address to the first transitioning address. 


2. This parameter is sampled and not 100% tested. 
3. Transition is measured +200 mV from steady state voltage with specified loading in Load(B). 


| Max. | Min. | Max. | Min. | Max. | 

Write Cycle Time eee ee ee ee ee 
Chip Selection to End of Write at Ss eae Sees Seas 
Address Valid to End of Write Ln 2thee he Wee oe ule AS eI OO I ee 
Address Setup Time Fa a ae ee 
Write Pulse Width | twe | wo | —- | ws | - | 2» | — | 
Write Recovery Time ey oe ee ee ee ee ee 
Data Valid to End of Write ae ee ee ee a 
Data Hold Time Pe Se We eee 
Eee PCO Se (a A 

tow) | o | 6 | o | 8 | o | 0 | 
ce el a a i ee 


@ AC TEST CONDITIONS 


¢ Input pulse levels: Veg to 3.0 V ¢ Input rise and fall times: 4ns 
¢ Input timing reference levels: 1.5 V ¢ Output reference levels: 2.5 V 
¢ Output Load: See figure 


+5V +5V 
4809 Dout 4800 


Output Load B 
Output Load A (for tuz, tLz. tonz> toiz> twz & tow) 


*Including scope and jig capacitance. 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


HM6709A Series 





@ TIMING WAVEFORM 
e Read Cycle (1) (1) 


tro 


ae 
= WOOK = ae Z 
2 oh Saiz 


es | be 10 


oe = 


Data Out 





High impedance 


¢ Read Cycle (2) (1) (2) (3) 


Address 





Data Out — Previous Data Valid x XXXX > Data Valid XX 


¢ Read Cycle (3) (1) (3) (4) 


CS 





K Data Valid 





Data Out High Impedance 


NOTES: 1. WE = Vin 
2. CS = Vit. 
3. OE = VIL. 
4. Address valid prior to or coincident with CS transition low. 
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HM6709A Series 
° Write Cycle (1) (OE = H, WE Controlled) 


two 
Address reaeencaecicee > 


s WSO Oz 
Pa eee | eee, 
_ ea ce 
ve Wo + 
UY YVYVYVYVYVVYVYV VY VV 
Datain = XXXXXXAXKAAAKAKKAD OOK 
High Impedance 
Data Out 
¢ Write Cycle (2) (OE = H, CS Controlled) 








Address 

a — nee 

7 WR re crarenned 

EE SSS SS YI 
patain  XXKXXKKKKKKKK KIO aavas KKK 


High Impedance 
Data Out 
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HM6709A Series 


e Write Cycle (3) (OE = Clocked, WE Controlled) 
twc 


Address 


cs OSS Sh , WLLLLLLLLLL LLL 


So enn oe 
NS 


tounz (2) toLz(2 
High Impedance 


tow tbH 


Data Out 


High Impedanc 


High Impedance WAN, W/ 
Data In XA CAD 


¢ Write Cycle (4) (OE = Clocked, CS Controlled) 





twp (1) 


Me SSS ea 
DW DH | 
Data In x K _Datavaid = KX 


High Impedance 
Data Out 
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HM6709A Series 


° Write Cycle (5) (OE = L, WE Controlled) 


Address 


‘s SW Ulitltt 
———ae 


Data Out SSN mee = KX 


High Impedance V7 : NK, (5) High Impedance 
Data In x Data Valid Dy, 


¢ Write Cycle (6) (OE = L, CS Controlled) 











Address 


i, Seereen 
age 
We SS es VUZE 
Data Out Fas] i nme Impedance 


tow toH 
ies ees 
Data in ~—ar impedance CK _Datavaiid —— KXXXXXXXX 


NOTES: 1. A write occurs during the overlap (twp) of a low CS and a low WE. 
2. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 
3. Output data is the same phase of write data of this write cycle. 
4. If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 
_ If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to the 
outputs must not be applied to them. 
. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in 
high impedance state. 


io 


an 
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HM6709SH Series 


65,536-words x 4-Bit High Speed Static Random Access Memory 


@ FEATURES 


65,536-words x 4 bit organization 

Directly TTL compatible input and output 

0.8 um Hi-BiCMOS process 

+5V single supply 

Completely static memory 

No clock or timing strobe 

Low power dissipation (DC) operating: 400mW typ 
Super fast access time: 10/12ns (max) 


@ ORDERING INFORMATION 










Type No. Access Time Package 
ization 

HM6709SH- 10 300 mil 28 pin 

HM6709SH-12 Plastic SOJ 









(CP-28DN) 


10 ns 
64kx4_ 12 ns 
with OE 


@ PIN DESCRIPTION 


Pin Name Function 
Ao-A15 Address Input 
1/01-1/04 Data Input/Output 
WE Write Enable 
cs Chip Select 
OE Output Enable 
Vss Ground 
NC Not Connect 
m@ BLOCK DIAGRAM 


Row 
Decoder 





HM6709SH Series 


Memory Matrix 
256 X 1024 


ON DOP WOWHD = 





Preliminary 





(CP-28DN) 





(Top View) 
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HM6709SH Series 


TRUTH TABLE 
fae O VecC Ref. Cycl 
oe utput cc Current er. Cycle 
cS 
H ee High Z Not Selected - 
Lf Hf | Highz Output Disable = 
cL [ HW [ L | Daan [Read ‘| _lec, lec Read Cycle (1), (2) (3) 
bof kt atatin | Write Ices tcc Write Cycle (1), 2), 3), 4) 
bof kT atatn Write | toc tcci__|__ Write Cycle (5), (6) 


@ ABSOLUTE MAXIMUM RATING 


Item Symbol Unit 


Supply Voltage! V 
Voltage on any pin relative to VSs Vv 
Power Dissipation ae ee ee ee W 
Operating Temperature Range °C 
Storage Temperature Range (with bias) °C 
Storage Temperature Range °C 


Note: 1. With respect to VSs. 


m@ RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta < 70°C) 







Supply Voltage 


Input High Voltage 


Note: |. Pulse width 10 ns, DC: -0.5V 


m@ DC AND OPERATING CHARACTERISTICS (Vcc = 5.0V + 10%, Vss = OV, Ta = 0°C to +70°C) 


-12 


a as nn en. | ee (a: aa ee 
Po [ow | wee |e [on 
2 


Input Leakage | om | Vcc =5.5V, VIN=0V to Vcc yi) 

8 
Output Leakage lol CS = Vin or OE = Vin, WE = VIL fia 
Current Vio = OV to Vcc 
Operating Power CS = VIL, Io = 0mA mA 
Supply Current 
Cument aoe a vv aa a Oe “ 
Current 





Standby Power CS = | CS = Vin, Vin =Viei or Vi | VIN =VIH or vi - | mA 
Supply Current 
cs ISB CS 2 Vcc =0.2V 30 30 | mA 
VIN $ 0.2Vor VIN 2 Vcc = 0.2V 
Output Low Voltage | to=8maA | to=8maA 
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HM6709SH Series 


@ AC CHARACTERISTICS (Vcc = 5V + 10%, TA = 0°C to +70°C, unless otherwise noted.) 





e Read Cycle 
-10 -12 
Item Symbol Unit 
Read Cycle Time tRC ee ae ns 
Chip Selection to Output in Low Z wz!.2 [een | ee ae ns 
Output Enable to Output Valid tOE ee za eae es ns 
Output Enable to Output in Low Z ee ee ee ee ee ns 
Chip Deselection to Output in High Z ee ee ee ee ns 
Output Hold from Address Change tOH aeae all -.ee vite ae. eee | ns 
Notes: 1. This parameter is sampled and not 100% tested. 
2. Transition is measured + 200 mV from steady state voltage with specified loading in Load (B). 
* Write Cycle 
{tem Symbol Unit 
Min. Max. Min. Max. 
Chip Selection to End of Write tCW fis Mr eee, eee ee ns 
Address Valid to End of Write taWw Sea ns 
Address Setup Time tas pe tee fe iO ok ee ns 
Write Pulse Width twP (ae a a fe ns 
Data Valid to End of Write tDw es ae ae ee ns 
Write Enable to Output in High Z ae ee ee ee ee ns 
Output Disable to Output in High Z a ee ee ee ee ee ns 
Output Active from End of Write ee ce ee ee ee ns 


Notes: |. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
2. This parameter is sampled and not 100% tested. 
3. Transition is measured in + 200 mV from steady state voltage with specified loading in load (B). 
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HM6709SH Series 


¢ Capacitance 


Item Test Condition 







Input Capacitance 





Input/Output Capacitance 


@ AC CHARACTERISTICS (Vcc = 5V + 10%, Ta = to 70°C) 


Test Conditions 
* input pulse levels: Vss to 3.0V e Input rise and fall times: 4ns 
¢ Input timing reference levels: 1.5V ¢ Output reference levels: 1.5V 


¢ Output Load: See figure 


Output Load (B) 
(for tuz, tLz, tonz, torz, twz, x tow) 


Output load (A) 
+5V +5V 
480 480 
Output Output 


255Q 30pF* 2550 5pF* 


Note: * Including scope and jig capacitance 
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HM6709SH Series 


™ READ CYCLE (1)! 


tac 


ee P| 
t 


ANANNANNNC VIII LITT 


s Wh _- 7777 








al 


LISI ITI LILI. 
tacs 


tiz 








aie 


> 
bata ou XK beavaie _¥XD 


High Impedance 





Notes: 1. WE = VIH 





@ READ CYCLE (2)1,23 





Address 








Data Out Previous Data Valid OOK Data Valid Y x 


Notes: 1, WE = VIH 
2. CS = VIL 
3. OE = VIL 


@ READ CYCLE (3)1,2,3 









t 


<5 tacs rx HZ 
LZ 
puso KOOL 
Data Valid 
High Impedance ZNLN a 


Notes: 1. WE = Vin 
2. OE = VIL 
3. Address valid prior to or coincident with CS transition low. 
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HM6709SH Series 


@ WRITE CYCLE (1)1 (OE = H, WE Controlled) 


Address 


gs AA 











Dataln — KXXKKXAAKKKKA CO KKXX 
High Impedance 
Data Out 


Notes: 1. A write occurs during the overlap of a low CS and a low WE (twp). 


mM WRITE CYCLE (2)1 (OF = H, CS Controlled) 


Address 














High Impedance 


Data Out 


Notes: 1. A write occurs during the overlap of a low CS and a low WE (twp). 
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HM6709SH Series 


@ WRITE CYCLE (3)1:2 (OE = Clocked, WE Controlled) 


two 


Address nana 
N 


OE cLidi ley 
ce AWANIMAS ALLLALLLL LL 


taw 
tas twr 


[1} 
WE 7 aR twp aes 


tonz 





















High Impedance 











Data Out 
tow Me tou 
Lik | d High Impedance 
Data In eee CX Data Valid xX 


Notes: 1. A write occurs during the overlap of a low CS and a low WE (twp). 
2. During this period, I/O pins are in the output state so that the input state of 
opposite phase to the outputs must not be applied. 


@ WRITE TIMING WAVEFORM (4)1,2 (OE = Clocked CS Controlled) 


two 





Address 


| 
OE FILS ILI K™ VAAAAASA 














tow tbH 


Date CK batavaid ¥D 


Data Out High Impedance 





Notes: 1. A write occurs during the overlap of a low CS and a low WE (twp). 
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HM6709SH Series 


@ WRITE CYCLE (5)1.2,3,4 (OE = L, WE Controlled) 








= Woon KTITITILILLL 














AW ; 
__ tas twe sbi 
WE N 
KK 
2] : tou 
é OW 
Bo SS High Impedance <—~_>| “7 7y__\/AV7 
ala QUE <7 ; 49 65 
tow DH 
mi 





(4] 
igh | 
Gaiain High Impedance ‘¥ Data Valid SD High Impedance 


Notes: 1. A write occurs during the overlap of a low CS and a low WE (twp). 
2. During this period, I/O pins are output state so that the input signals of 
opposite phase to the outputs must not be applied. 
3. Output data is the same phase of write data of this write cycle. 
4, If CS is low during this period, I/O pins are in the output state. Then, the data 
input signals of opposite phase to the outputs must not be applied to them. 


@ WRITE CYCLE (6)1,2,3,4 (OE = L, CS Controlled) 




















We Se 707 


Data in | a peeree CE data valid ¥XXXXXXXXX 


Notes: 1. A write occurs during the overlap of a low C CS and a low WE (twp). 
2. If the CS low transition occurs after the WE low transition, output remain in a high impedance state. 
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HM6207H Series 


262144-Word x 1-Bit High Speed CMOS Static RAM 


The Hitachi HM6207H is a high speed 256k static RAM orga- 
nized as 256k-word x 1 bit. It realizes high speed access time (25/ 
35 ns) and low power consumption, employing CMOS process 
technology and high speed circuit designing technology. It is most 
advantageous wherever high speed and high density memory is 
required. 

The HM6207H is packaged in the industry standard 300-mil, 24- 
pin, plastic DIP. The HM6207H is also available in a 300-mil, 24-pin 
plastic SOJ package for high density mounting. The low power 
versions are ideal for battery backed systems. 


(DP-24NC) 


Features 
¢ Single 5 V supply and high density 24-pin package 
¢ High speed 

Access time: 25/35 ns (max.) 
e Low power 

Active: 300 mW (typ.) 

Standby: 100 pW (typ.) 

30 pW (typ.) (L-version) 

¢ Completely static memory requires 

No clock or timing strobe requires 
® Equal access and cycle time 
¢ All inputs and outputs TTL compatible Pin Arrangement 
¢ Capability of battery back up operation (L-version) 





(CP-24D) 


Ordering Information 


Type No. Access Time Package 
HM6207HP-25 25 ns 300-mil 
HM6207HP-35 35 ns 24-pin 
HM6207HLP-25 25 ns plastic DIP 
HM6207HLP-35 35 ns (DP-24NC) 
HM6207HJP-25 25 ns 300-mil 
HM6207HIP-35 35 ns 24-pin 
HM6207HJLP-25 25 ns plastic SOJ 
HM6207HJLP-35 35 ns (CP-24D) 


Pin Description 























~PinName —_—s*Function 
AQ- AI? Address 
Din Data input 
_Dout ss ~iDataoutpur | 
cS Chip select 
WE Writeenable 
Vcc Power supply 
“Vss.—~*«é<“‘«~rcurnd 
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HM6207H Series 


Block Diagram 








Al5 
Al6 









Al? 
AO 


—=— Veco 
Memory Array 
256 x 1,024 


w— Vss 
Al 
A2 
A3 






















































A4 
Ce eee 
Din Column 1/0 Dout 
, 
cs 
WE 
Al4A13 A12ZA11 A8 A7 A6 AS Al0 AQ 
eee J 
Function Table 
cs WE ____ Mode Vec Current V/O Pin Ref. Cycle 
H x Not selected Iss, IsBi High-Z — 
L H ___Read Icc Dout Read cycle 
L L ; Write Iec High-Z Write cycle 
Note: x means don't care. 
Absolute Maximum Ratings 
Item Symbol Value Unit 
Voltage on any pin relative to Vss Vin ~0.5°! to +7.0 Vv 
Power dissipation Pr 1.0 Ww 
Operating temperature range Topr 0 to +70 °C 
Storage temperature range Tstg ~55 to +125 eC 
Storage temperature range under bias Tbias -10 to +85 “C 





Note: *1. Vin min = -2.5 V for pulse width < 10 ns. 
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Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Item 


Supply voltage 


HM6207H Series 


Unit 


Input low (logic 0) voltage 
Note: 


Symbol Min Typ Max 
Vec 4.5 5.0 5.5 
Vss 0 0 0 
Vin 2.2 — 6.0 
Vi. 0.5"! Ee 0.8 


*1, Vai min = -2.0 V for pulse width $ 10 ns. 


@ DC Characteristics (T, = 0 to +70°C, Vcc = SV + 10%, Vss = 0 V) 


Item 


Input Leakage Current 
Output Leakage Current 


Operating Power Supply Current 


Standby Power Supply Current 
Standby Power Supply Current 
Standby Power Supply Current (1) 
Standby Power Supply Current (1) 
Output Low Voltage 

Output High Voltage 


Note: 


Symbol 


Unit 


ul 


= 
> 


IILol 


= 
> 





Capacitance (Ta = 25°C, f = 1MHz)" 


Item 
Input capacitance 


<<< 


Test Conditions 
Vec = Max. 
Vin = Vss to Voc 
CS = Vin 
Vio = Vss to Vec 
CS = Vit. Ivo = OMA, 








lec 100 | ma Min. Cycle. Duty = 100% 
CS = Viy. Min. Cycle 
pie | te | | | « 
fea = 20 2000 CS = Vcc - 0.2 V 
: OV sV, 50.2 Vor 
| 04 | ¥ | t= Sma 
*L. Typical limits are at Vcc = 5.0 V. T, = +25°C and specified loading. 
Symbol Min Max Unit Test Conditions 
Cin —_ 6 pF Vin=0V 
Output capacitance Cout _ 10 pF Vou = 0 V 


Note: 


*1. This parameter is sampled and not 100% tested. 


AC Characteristics (Ta = 0 to +70°C, Vcc = 5 V + 10%, unless otherwise noted.) 


Test Conditions 
* Input pulse levels: Vss to 3.0 V « Input and output timing reference levels : 1.5 V 
* Input rise and fall times: 5 ns * Output load: See Figures 


Output Load (A) 





Note: * Including scope & jig. 


Output Load (B) 


(for tz, tuz, twz & tow) 


+8V 


@ HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 (415) 589-8300 219 


HM6207H Series 





Read Cycle 
HM6207H-25 
Max. 
Read Cycle Time [tee fs Ts ts 
Address Access Time a ee ee ee 
Chip Select Access Time Ree eee a ee ee 
Output Hold From Address Change [toy | Pos | UK ns 
Chip Deselection to Output in High-Z | ty"! = To | Ts 
Chip Selection to Power Up Time a ae a ee ee ee 
Chip Selection to Power Down Time | ot = 6 Ets ts ts 


Note: *1 Transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 





Read Timing Waveform (1) °'.”? 





Address 























Dout 


High 
Impedance 





Vee supply 


a 
° , 
1 current 


Notes: *1. WE is high for read cycle. 
*2. Device is continuously selected, CS = Vi. 
*3, Address valid prior to or coincident with CS transition low. 
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HM6207H Series 


@ Write Cycle 


HM6207H-25 HM6207H-35 Unit 
Min. Max. 


Item Symbol : 
Min. Max. 


N 
wn 
ww 
wa 
s 
wn 


Write Cycle Time 

Chip Selection to End of Write 
Address Valid to End of Write 
Address Setup Time 


ns 


w 
jo) 


ns 


> 
~S) 


ns 


man 
iid Hi 

N 
rhe 

w 

oO 


| | po 

Write Pulse Width twp 
Write Recovery Time 

Data Valid to End of Write 

Data Hold Time 

Write Enabled to Output in High-Z 
Output Active From End of Write 


ns 


ns 


ty 
na Oo 
Y N {iw 


ns 


ii ae 


ns 


* 


ns 


= 
N 


* 


ns 


z 


Note: *1 Transition is measured +200 mV from high impedance voltage with Load (B). This parameter is ampled and not 100% tested. 





Write Timing Waveform (1) (WE Controlled) 
a ; ; | 
i on oe —~ two eee 


as i. eee See 


























Din | Data Valid 


t t 
wz ow 





Dout 
High Impedance 
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HM6207H Series 


_ Write Timing Waveform (2) (CS Controlled) 





b--- saiaitessd leet tes ott ea lw = — | 


cree ne eae Gea 























Din 


3 Dout SS Data Undefined 


Notes: *1. A write occurs during the overlap of a low CS and a low WE. 
*2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 
3. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 
in a high impedance state. 
*4, Dout is the same phase of write data of this write cycle, if twr is long enough. 











High Impedance 





Low Vcc Data Retention Characteristics (T, = 0 to +70°C) 
These characteristics are guaranteed only for L-version. 








Item Symbol Min Typ Max Unit Test Conditions 
Vv data retenti Vv 2.0 _- — Vv a 
cc for da retention DR : > Vee-0.2V, 
Data retention current Iccor — 1 50°? WA : 
Tips Gute oe eA oe a ee Vin 2 Vcc — 0.2 V or 
Chip deselect to data retention time —_tcpR 0 - — ns ; 
, : = OVsVins0.2V 
Operation recovery time R Re"E ns 
Notes: *1. tac= read cycle time. 
*2. Vec = 3.0 V. 


Low Vcc Data Retention Timing Waveform 





Data retention mode 


CS 2 Vec-0.2V 
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HM6707 Series 


262144-word x 1-bit High Speed Hi-BiCMOS Static RAM 


The HM6707 Series has been converted to the HM6707A Series. The new A Series is completely 


compatible with the non-A Series. 


Please refer to the specification comparison below to assist in your conversion. 


= 
5 
EE ; : ae >}>| 4] 2] 2g 
A st ny S Be) S = S n| a 
N 
rs 
— 
a a 
+O Jt d Bas doa N Z| 2 a aon & 
ao FSA aK SATO AR AZO SASAAZADSS 


1S) 
a 


ns 
0 | ns 


i 


* 10 


se 





10 


15/10 
15/ 


20/1 


HM6707 


Read 
Write 


* Modified specifications 
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HM6707A Series 


262144-Word x 1-Bit High Speed Static RAM 


@ FEATURES 
262144-words x 1 bit organization 


Fully TTL compatible input and output 
1.0% Hi-BiCMOS process 

+ 5V single supply 

Completely static memory 

No clock or timing strobe required 

e Low power dissipation (DP-24NC) 


Operating: 450mW typ. 


e Super fast 
(CP-24D) 


Access time: 15/20/25ns (max.) 


@ ORDERING INFORMATION 












HM6707AP- 15 
HM6707AP-20 
HM6707AP-25 


HM6707AJP-15 
HM6707AJP-20 
HM6707AJP-25 


300 mil 24 pin 
Plastic DIP 
(DP-24NC) 
300 mil 24 pin 
Plastic SOJ 
(CP-24D) 














@ PIN ARRANGEMENT 












Row 





Memory Matrix 
256x1024 








Decoder 





™@ BLOCK DIAGRAM : 
3 
4 
Ae —o Voc 5 
7 
8 
9 






Column VO 


Column Decoder 


Vo Ve bd We Wd Ws Yd Wd YS 






Function 
Address Input 
Data Input 
Data Output 


Write Enable 


Mode cs Chip Select 


Not Selected 
Power Supply 
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HM6707A Series 
m@ ABSOLUTE MAXIMUM RATINGS 


item Uni 
Terminal Voltage to Vgg Pin Se ee ee Vv 
Power Dissipation ee ia W 
Operating Temperature Range °C 
Storage Temperature Range (with bias) Tstecbias °€ 
Storage Temperature Range TT wy | SS to +125 £C¢ 


m RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 







Supply Voltage 







Input High Voltage 
Input Low Voltage 


NOTE: Pulse width 20ns, DC: -0.5 V 


m@ DC AND OPERATING CHARACTERISTICS (Vcc =5.0 V + 10%, Ta=0 to 70°C) 


Item Symbol Test Conditions piesa 15 HMSI074- 20/251 5 


Min. |Typ. [Max. |Min. |Typ. |Max. 
dnp Teskage Current higiweceave vive ee ee pA 


Output Leakage Current eee area ts oe a wA 
Operating Power Supply Current] Ioc | CS=Vy,, Ioyr=0 mA | — |} — | 00 | — | — | 00 


Average Operating Current Ea min. oar 100%, a Ee 1220 |mA 





| Isp [CS=Vip Vin=Vi or Vz | — | — | 30 | — | — | 30 [ma 

Standby Power Supply Current aly CS =Voc0.2 Vv nstvavnevaceav| || ® |= |— ie leek 
Vij $0.2 V or Vin=Vec-0.2 V 

Output Low Voltage pe es en eon ok ee 

Output High Voltage Ene ee Ey eS V 


@ AC CHARACTERISTICS (Vcc=5 V+ 10%, Ta=0°C to 70°C, unless otherwise noted.) 
e Read Cycle 


= ae 
[in [ ax. [Min [ tax [ Min, [ Max, | 
Read Cycle Time ea ea a ee 
Address Access Time a ee ee 
Chip Select Access Time zy. 2 eee ee 2 eae ae 
Output Hold from Address Change Sea alee eee ns 
Chip Selection to Output in Low Z Peg) 4 ol ef sf ee Pose | ns 
Chip Deselection to Output in High Z lty) 2] o | 6 | o | 8 | o | 0 | ns 


NOTES: 1. This parameter is sampled and not 100% tested. 
2. Transition is measured +200 mV from steady state voltage with specified loading in Load(B). 
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HM6707A Series 


® Write Cycle 





F 
= 
= 
5 
< 
Cc 


Item Symbol Min. 
Write Cycle Time 
Chip Selection to End of Write 
Address Valid to End of Write 


ns 
ns 


fond 


ns 


s 
» 


x fot let [ewe 
Y > 


=a eae 

a ee 
fae eral ee! 
Address Setup Time Po | ed) b See] ns 
Write Pulse Width we | 2 | — | 6 | ~ | 2 | ~ I os 
Write Recovery Time fecaea. fh ese il aa ns 
Data Valid to End of Write ol jo eee ol 
Data Hold Time awe It fae 5 
Write Enable to Output in High Z__| tw72)> 3) i 98 ol | 10 | 
Output Active from End of Write tow) | oF | — | Bee, hy Fo eI 


NOTES: 1. All write cycle timings are referenced from the last valid address to the first transitioning address. 
2. This parameter is sampled and not 100% tested. 
3. Transition is measured +200 mV from steady state voltage with specified loading in Load(B). 


ns 
ns 
ns 
ns 


M@ CAPACITANCE (Ta=25°C, f=1MHz) 


Test Condition 


Input Capacitance 





Output Capacitance 
NOTES: 1. This parameter is sampled and not 100% tested. 


@ AC TEST CONDITIONS 


® Input pulse levels: Vgg to 3.0 V © Input rise and fall times: 4ns 
© Input timing reference levels: 1.5 V © Output reference levels: 1.5 V 
© Output Load: See figure 


+5V +5 V 
4800 4800 


30 pF * 5 pF * 


Output Load B 
Output Load A (for tyz, tLz, twz & tow) 





*Including scope and jig capacitance. 
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HM6707A Series 


@ TIMING WAVEFORM 
e Read Cycle (1) (') 


Address 


Data Out Previous Data Valid ee 





e Read Cycle (2) () 


trc 






CS 
Data Out CXXXKX Data Valid 
High impedence : 
High 
Impedence 


NOTES: 1. WE is high and CS is low for READ cycle. 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HM6707A Series 


e Write Cycle (1) (WE Controlled) 


Address 


s WR a 


! 


\ 
Na 
toH 
Data In a 


tow 
a | 


Data Out Data Undefined 
High Impedance 


NOTES: 1. Transition is measured + 200mV from steady state voltage with specified loading in Load B. 
2. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 


e Write Cycle (2) (CS Controlled) 


two 





Address 





o | es 
me QS ZEEE 


twz 
Data Out Data Undefined 
High Impedance 


NOTES: 1. Transition is measured + 200mV from steady state voltage with specified loading in Load B. 


) 
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HM62932 Series 


32,768-Word x 9-Bit High Speed CMOS Static Ram 


lm FEATURES 


e High speed: fast access time 15/20 ns (max) 
Low Power 
Standby: 15yW (typ.) (L-version) 
Operation: 350mW (typ.) 
Single 5V supply 
Completely static memory 
No clock or timing strobe required 
Equal access and cycle times 
Common data input and output—Three 
state output 
Directly TTL compatible—All inputs and outputs 


@ ORDERING INFORMATION 





Access Package 










HM62932JP-15 
HM62932JP-20 
HM62932LJP-15 
HM62932LJP-20 


300 mil 32 pin 
Plastic SOJ 
(CP-32DN) 








Preliminary 





(CP-32DN) 


@ PIN ARRANGEMENT 


HM62932 Series 


Oo ON DO FB WO MY = 








(Top View) 


@ PIN DESCRIPTION 


Pin Name 
AQ-A14 
1/O\-I/O9 


CS1 
CS2 
WE 
OE 
Vcc 
VSS 


@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 229 


Function 
Address 


Data Input/Output 
Chip Select | 
Chip Select 2 
Write Enable 
Output Enable 
Power Supply 


Ground 


HM62932 Series 


@ BLOCK DIAGRAM 


Memory Array 
32K x 9 


Column I/O 
Column Decoder 


Column Address Buffer 


Ag Ai A2 Ag Aro Ait 





@ FUNCTION TABLE 


Pes | Of | WE [woe | vaGnn | Wom] 
pa iew a oeetene | ee  ee 
Ga (“a GR 







Ref. Cycle 










Write Cycle 2 





Note: X:HorL 
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HM62932 Series 


@ ABSOLUTE MAXIMUM RATINGS 


Item Unit 
Supply Volage | Vee v 
Voltage on any pin relative to Vss! Vv 
Power Dissipation w 
Operating Temperature Range °C 
Storage Temperature °C 
Storage Temperature Under Bias Ze 


Note: 1. With respect to VSS 
2. VCC and VT min = —2.5V for pulse width 10ns 


mi RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to +70°C) 


Supply Voltage 


Input High (Logic 1) Vokage 





Input Low (Logic 0) Voltage 
Note: 1. VIL min = -2.0V for pulse width 10ns. 





m@ DC CHARACTERISTICS (Ta = 0 to +70°C, Vcc = 5V + 10%, Vcc = OV) 


Item Symbol Min. Unit Test Conditions 


Tapa Leakane Current ae ee VGC =5.5V., Vin= Vas to Voc 
Output Disable 
Output Leakage Current liLo| HA V0 = Vss to VCC 
CS} = VIL 


Tout = 0 mA, min. cycle 


Standby Vcc Current 


z 
oO 
= 
w 
: 
3 
> 


3 ‘= 


CS} = VIH, min cycle 


es 
Operating Vcc Current Icc Ets > | TBD 

peated 

pe 

aoe 

a 


Standby Vcc Current (1) eee ¥ = 
Output Low Voltage VOL a ie IOL =8mA 
Output High Voltage a a ee lon =-40.mA 


Note: 1. Typical limits are at VCC = 5.0 V, Ta = 25°C and specified loading. 
2. CS1 Vcc -0.2V, OV Vin 0.2V or Voc -0.2V Vin 


@ CAPACITANCE (Ta = 25°C, f = 1.0 MHz)! 


Item 
Input Capacitance 


Output Capacitance 





Note: |. This parameter is sampled and not 100% tested.5 
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HM62932 Series 


@ AC CHARACTERISTICS (Ta = 0 to +70°C, Vcc 5V + 10%, unless otherwise noted.) 


Test Conditions 


¢ Input pulse levels: Vss to 3.0V 
¢ Input rise and fall times: 4ns 


¢ Input and Output timing reference levels: 1.5V 


¢ Output load: See figures 


+5V +5V 
4802 480Q 
Dout Dout 
255Q 30pF* 255Q 5pF* 
Output Load (A) Output Load (B) 


(for toyz, terz, twHz a tow) 


* Including scope & jig. 


@ READ CYCLE 


Item 


Read Cycle Time 
Address Access Time 


Chip Select Access Time 


Chip Selection to Output in Low-Z 


Output Enable to Output Valid 
Output Enable to Output in Low-Z 
Chip deselection to Output in High-Z 
Chip Disable to Output in High-Z 
Output Hold from Address Change 


HM62932-15 HM62932-20 

i Max Min 

tRC fis | —~ [| 20 | — | 
ae eee ee ee eee ee 
| tcors—C $s“ (ied; CC SC | 
Pe ee es, oy ete ee ee 
ee 
ee es 
| ltoerC—“‘iRESSCS-~sC“—#|Lss7]~S [| = —*[T_—S st. J 
= es 
| tcnzitcuz"! | oo | 7 Tt 
eC 

(OH |) 3 | — | 3 [| — | 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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HM62932 Series 


mi READ TIMING WAVEFORM (1)1) 2 











Address Address Valid 
Csi ASA ALI MT ILL LT 





| eo 


OE ASNANAAAAANA x ws OEM MOAN 


torz 
High Impedance <> Data Valid ae 


@ READ TIMING WAVEFORM (2)*2;*3,"5 





CS, 
tco1 si 
tol 74 tcnz1 
\ 
£ 











Dout 





a 5 tre > 
Address Address Valid 









Dout 


QO 





CS2 


Dout XKKX Data Valid 


Notes: 1. Transition is measured + 200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 


2. WE is high for read cycle. ee 
3, Device is continuously selected, CS] = VIL and CS2 = VIH. 
4. Address valid prior to or coincident with CS] transition low and CS2 transition high. 


5. OE = VIL. 
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HM62932 Series 


@ WRITE CYCLE 
c. ie 
Max Min 
Write Cycle Time Pp tweets CS | lt ts 
Chip Selection to End of Write aaa a aa (Ry a (a ae 
Address Valid to End of Write Po tawe  B  ts ts 
Address Setup Time tAS po | — | o | — | os 
Write Pulse Width twP ae eee a ae ee eee 
Write Recovery Time ae eee ee ee ee ee ee ee ee 
Output Disable to Output inHigh-Z_ | tonz! | SC 7 tts 
Write to Output in High-Z twa! Tl ns 
Data to Write Time Overlap tpw Be | 


Data Hold From Write Time a ee 
Output Active from End of Write 


ns 


es ee ee 


ns 


@ WRITE TIMING WAVEFORM (1) 








two 
—___ > 
Address Address Valid 
taw : 
tcw twr 3 


a 


Osi SANANAR KS AILS LSS 
cs2 LISVIT LIL SF AU 
OE LLLALL LR 


tas 


AMA 










WE 
2 es, AI SIL IS ITT. 
tonz’4 
D ONO NN | High Impedance 
on ZPLD LIL LAL. 
tow tou 
<> |< | 
7 Bana ¥XXKEK 
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HM62932 Series 


@ WRITE TIMING WAVEFORM (2)*6 


Address y, Address Valid 


csi ANTANNY: 
sso | LLZWZTT 


two 





> 










TIL I AY Ti - 
ee a eee: Paes 
RS 








WE Yk fo 


ton’? 
twuz 4 "8 
XS Re NN RON rd LNIN ALY 
Dout LP JOD AAD LG LI GH LNW 


Din 


Notes: 









High Impedance 





KAXKKK 


. Transition is measured + 200 mV from high impedance voltage with Load (B). This parameter is sampled and not 100% tested. 





. A write occurs during the overlap (twP) of a low CS1, a high CS, and a low WE. 
. tWR is measured from the earlier of CS] or WE going high or CS2 going low to the end of write cycle. 
. During this period, I/O pins are in the output state so that the input signals of the opposite phase to outputs must not be applied. 


A &BwWN — 


. If the CS} low or CS? high transition occurs simultaneously with the WE low transitions or after the WE transition, output 
remain in a high impedance state. 


. OE is continuously low, (OE = VIL) 
. Dout is the same phase of write data of this write cycle. 
. Dout is read data of next address. 


Oo eon Dd 


. If CS} is low and CS? high during this period, I/O pins are in the output state. Then the data input signals of opposite phase to 
the outputs must not be applied to them. 


10. WE or CS} must be high during all address transitions except when device is disable with CS1 or CS2. 
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HM62932 Series 


@ LOW Vcc DATA RETENTION CHARACTERISTICS (Ta = 0 to +70°C) 


This characteristic is guaranteed only for L version. 







Test Conditions 





Vcc for Data Retention 







Data Retention Current CS) Vcc -0.2V, 
Chip Deselect to Vin Vcc -0.2V or 
OV Vin 0.2V 


Data Retention Time 
Operation Recovery Time 
Note: 1. Vcc =3.0V 






@ LOW Vcc DATA RETENTION TIMING WAVEFORM 


Data retention mode 
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HM62D932 Series 


Preliminary 


32,768-Word x 9-Bit High Speed CMOS Static Ram with Address Latch 


@ FEATURES 


e High speed: fast access time 15/20 ns (max.) 
Low Power 
Standby: 15uW (typ.) (L-version) 
Operation: 350mW (typ.) 
Single 5V supply 
Address Latch 
Common data input and output—Three 
state output 
Directly TTL compatible—Alll inputs and outputs 


@ ORDERING INFORMATION 


15 ns 
20 ns 


15 ns 













Package 









HM62D932JP-15 
HM62D932JP-20 

HM62D932LJP-15 
HM62D932LJP-20 


300 mil 32 pin 
Plastic SOJ 
(CP-32DN) 








(CP-32DN) 





m@ PIN ARRANGEMENT 


HM62D932 Series 








oO ON Dn fF WO ND = 


(Top View) 


m@ PIN DESCRIPTION 


Pin Name 
A0-A14 
ALE 
1/O1-1/O9 
CS] 
CS2 
WE 
OE 
Vcc 
Vss 
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Function 
Address 


Address Latch Enable 
Data Input/Output 
Chip Select 1 
Chip Select 2 
Write Enable 
Output Enable 
Power Supply 


Ground 


HM62D932 Series 


@ BLOCK DIAGRAM 


Memory Array 
32K x9 


Column I/O 


Column Decoder 


Column Address Buffer 
with Address Latch 





@ FUNCTION TABLE 


Ref. Cycle 





a 


Note: X:HorL 
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HM62D932 Series 


@ ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 1 Vcc 0.52 + 7.0 V 


reel 
Power Dissipation le ee ee 
Operating Temperature Range °C 
Storage Temperature °C 
Storage Temperature Under Bias °C 


Notes: 1. With respect to VSS 
2. Vcc and VT min = —2.5V for pulse width 10ns 


lm RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to +70°C) 


Supply Voltage 


Input High (Logic 1) Voltage 





Input Low (Logic 0) Voltage 
Note: *1.VIL min =—2.0V for pulse width 10Ons. 


@ DC CHARACTERISTICS (Ta = 0 to +70°C, Vcc = SV t 10%, Vss= 0V) 


Item Symbol Test Conditions 
Input Leakage Current | [tui] | — | ~ | 20 | wa | Vcc=5.5V, Vin= Vss to Vec 
Output Disable 
L : 

CS} = VIL 
Eee ane a | — | 7» | mies Tout = OmA, min. cycle 
Standby Vcc Current IsB ae re TBD CS} = Vin, min. cycle 
Standby Vcc Current ( 1 ) ISBi | — | oo [| 20 | mA pa 
Ouput Low Voltage | von | — | — | o4 | v_| IoL = 8mA 
Output High Voltage VOH 2.4 = a IoH = -4.0 mA 


Not 1. Typical limits are at VCC = 5.0V, Ta = 25°C and specified loading. 
2.CS1 Vcc -0.2V, OV Vin 0.2V or VCC -0.2V Vin. 


i CAPACITANCE (Ta = 25°C, f = 1.0 MHz)! 


Input Capacitance 


Output Capacitance 





Note: 1. This parameter is sampled and not 100% tested. 
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HM62D932 Series 


@ AC CHARACTERISTICS (Ta = 0 to +70°C, Vcc SV + 
Test Conditions 

Input pulse levels: Vss to 3.0V 

Input rise and fall times: 4ns 


Input and Output timing reference levels: 1.5V 
Output load: See figures 


Output Load (A) 


10%, unless otherwise noted.) 


Output Load (B) 
(for tcyz, terz, tonz, twuz, « tow) 
+5V 
480Q 
Dout 
2552 5pF* 


Note: * Including scope & jig. 


+5V 
4802 
Dout 
255Q 30pF* 
@ READ CYCLE 
Item Symbol 
Read Cycle Time 
Address Access Time 
Chip Select Access Time 
4 

Chip Selection to Output in Low-Z 

tcLz24 
Output Enable to Output Valid 
Output Enable to Output in Low-Z 
Chip deselection to Output in High-Z tCHZ1, tcHz24 
Chip Disable to Output in High-Z 
Output Hold from Address Change tOH 
Address Latch Enable High Time 
Address Latch Enable Low time 
Address Setup to Latch Low 
Address Hold to Latch Low 


@ READ TIMING WAVEFORM (1)1; 2,3 


HM62D932-15 HM62D932 


Se ee 202 
a here eae 
aa a ee 
Se ees ee 
ae ae Se ee 
Fee a ee ee 
a ee ae eee 
ie ee ee ee 
ieeeOF Ellie ee ON 
aCe eae ee 
a ae ee 
ee ee ee 
ae ae ee ee 
eee eae ee es Pee 
ee ie ae ae 





ALE 





Address 





Dout 


Data Valid 
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-20 
Max 


why 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 





HM62D932 Series 


@ READ TIMING WAVEFORM (2)1: 2, 3 














ALE 





Address 








Dout Data Valid 





l@ READ TIMING WAVEFORM (3); 2, 4, 




















tro 

—<_— 2 

Be taLe Sis tALL ma 
ALE 

tas. tAHL 
Address Address Valid 4 
taa 

cSt SSSA DONA EAL SITLL 


a PT tat RSS 
-~ Weer VIITZZL 
Dout High Impedance a He tai <" Data Valid > a ‘ 


Da 





Notes: !. Address inputs are latched on the falling edge of ALE. When ALE is high, the latch is transparent. 
2. WE is high for read cycle. 
3. CS} = VIL, CS2 = Vin, and OE = VIL. 
4. Transition is measured + 200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 
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HM62D932 Series 














B WRITE CYCLE 
Leann las 2) 
Write Cycle Time twe ee es ea ee 
Chip Selection to End of Write Po tcweCT to | CS 
Address Valid to End of Write Xs 
Address Setup Time Cs es 
Write Pulse Width twe Poo | — | re | — | 
Write Recovery Time tWR Po | h ~— | oo fT — | 
Output Disable to OutputinHigh-Z | stonz* | Lt 
Write to Output in High-Z ae ean a ae a es ee ee 
Data to Write Time Overlap (bw |. 8 | — | 0 | — | 
Data Hold From Write Time I»): es 
Output Active from End of Write 
Address Latch Enable High Time tALH ae ae nee ee 
Address Latch Enable Low Time Vy 
Address Setup to Latch low tASL ee ae ae ae ee Se 
Address Hold to Latch Low tAHL Pere ee ae ee eee 
@ WRITE TIMING WAVEFORM (1)1; 2; 3, 4 
two af 

taLH aa taLL a 

ALE 
tas. tAHL 
Address Address Valid <r 
taw sli 4 
es tow ae hs 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


cst SASS AID IIAP TTT 


cs2 LLLLLIV LL Ro NS 


OE LIT IT INR 









AAA 


WE 
AAAS ALAS PILLAI 
tonz"> 
D eee | High Impedance 
on CTE MOE BPE ATEAP 
tow tpH 
i om | ak — 





Din QOK Data valid ARXXKKK 
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HM62D932 Series 


@ WRITE TIMING WAVEFORM (2)1: 2, 3, 4 


two 
aa¥——]AAS$S$S$jj$p a_i | 


tALH taLL 


ALE 
Address Valid 4 


Address 
_ cet Tiss 


TNE TO AIA 








CS2 id 
oe 
2 tas twp 
WE 
YAS 
tou 
twuz 
—<_\!_ > 
os "6 
D CNN NNN NNN NN High Impedance pb Ce 
out VELLA LATHL YD LG AED 
tpw tbH 
<_—__—__$_ 
VV ; V/ 
Din X) Data Valid are, iY, 


Notes: 1. Address inputs are latched on the falling edge of ALE. When ALE is high, the latch is transparent. 
2. Transition is measured + 200 mV from high impedance voltage with Load (B). This parameter is sampled not 100% tested. 
3. a write occurs during the overlap (twP) of a low CS1, a high CS2, and a low WE. 
4, If the CS] low and CS? high transition occurs simultaneously with WE low transitions or after 
the WE transition, output remain in a high impedance state. 
5. During this period, I/O pins are in the output state so that the input signals of the opposite phase 
to the outputs must not be applied. 
6. If CS1 is low and CS2 is high during this period, I/O pins are in the output state. Then the data input 
signals of opposite phase to the outputs must not be applied to them. 
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HM62D932 Series 


mm LOW Vcc DATA RETENTION CHARACTERISTICS (Ta = 0 to +70°C ) 


This characteristic is guaranteed only for L—version. 










Test Condition 


Vcc for Data Retention 













Data Retention Current CS1 Vcc -0.2V, 
Chip Deselect to Vin VCC -0.2V or 
Data Retention Time OV Vin 0.2V 





Operation Recovery Time 
Note: 1. Vcc = 3.0V. 


Data retention mode 








cst 
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HM628128/HM628128l Series 


131,072-Word x 8-Bit High Speed Hi-CMOS Static RAM 
@ DESCRIPTION HM628128P Series 


The Hitachi HM628128 is a CMOS static RAM organized 128k-word 
x 8-bit. It realizes higher density, higher performance and low power 
consumption by employing 0.8 um Hi-CMOS process technology. The 
HM628128! is available in industrial temperature range (-40 to 
+ 85°C). 

it offers low power standby power dissipation; therefore, itis suitable 
for battery back-up systems. The device, packaged ina 8 x 20mm 
TSOP with a thickness of 1.2 mm, 525 mil SOP (460-mil body SOP) or 
a 600-mil plastic DIP, is available for high density mounting. 


(DP-32) 
@ FEATURES HM628128FP Series 
¢ High Speed: Fast access time ......... 70/85/100/120ns (max.) 
¢ Low Power 
Standby: ........ 0... cece eee 10 nW (typ.) (L-version) 
Operation? si ian se dee ns eee) bree 75 mW (typ.) 


© Single 5V supply 
¢ Completely static memory 
No clock or timing strobe required 
© Equal access and cycle times 
© Common data input and output: Three state output 
© Directly TTL compatible: All inputs and outputs (FP-32D) 
¢ Capability of battery back up operation (L & SL) 
2 chip selection for battery back up. 





Pin Description 
Pin Name Function 





__AO-Al6_ Address 
_—CSi_ SS Chipselect1_ 
__CS2_— Chip select 2 (TFP-32DA) 
__WE Write enable 
_ OE SC Ouiputenable__ 
NC No connection 
__Yec «Power supply 
Vss Ground 
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HM628128/HM628128I Series 


m@ PIN ARRANGEMENT 


(DP-32 & FP-32D) 


(Top View) 


(TFP-32DA) 


(Top View) 


(TFP-32DAR) 


(Top View) 
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HM628128/HM628128!I Series 


Block Diagram 


Ln 
Row 
Decoder 


Memory Matrix 
512 X 2,048 


fe Reet ea eal 
we Column 1/0 
Input 


Data Column Decoder 


Contro! fi eee 
ep | 
a wal 
8 JAS All Ai0 AO Al R2 





Read/Write Contro! 
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HM628128/HM628128I Series 


@ ORDERING INFORMATION 


HM628128LP-7SL 
HM628128LP-8SL 








HM628128P-7 
HM628128P-8 
































600 mil 
HM628128P- 10 600 mil HM628128LP- 10SL 32 sit 
HM628128P-12 32 pin HM628128LP-12SL Plastic 
HM628128LP-7 Plastic DIP 
HM628128LP-8 DIP (DP-32) 


HM628128LP-10 
HM628128LP- 12 


HM628128FP-7 
HM628128FP-8 


(DP-32) 



















HM628)28LFP-7SL 
HM628128LFP-8SL 







: 525 mil 
HM628128FP- 10 525 mil HM628128LFP-10SL 32 : 
HM628128FP-12 32 pin HM628128LFP-12SL Plastic 
HM628128LFP-7 Plastic SOP 
HM628128LFP-8 SOP (FP-32D) 


HM628128LFP- 10 


(FP-32D) 
HM628128LFP-12 





¢ TSOP SERIES e INDUSTRIAL TEMPERATURE SERIES 


Access Time 






Access Time 
























HM628128T-7 HM628128PI-8 

HM628128T-8 HM628128PI-10 600-mil 
HM628128T- 10 HM628128PI-12 32-Pin 
HM628128LT-7 8mm 20mm HM628128LPI-10 (DEA?) 





















32-Pin TSOP 
(Normal Type) 
(TFP-32DA) 


HM628128LT-8 
HM628128LT-10 
HM628128LT- 12 


HM628128LPI-12 
HM628128FPI-8 










HM628128FPI-10 525-mil 
HM628128LT-7L HM628128FPI-12 32-Pin 
HM628i28LT-10L HM628128LFPI-10 (FP-32) 


HM628128LT-12L 


HM628128R-7 
HM628128R-8 

HM628128R- 10 
HM628128R- 12 


HM628128LR-7 
HM628128LR-8 

HM628128LR- 10 
HM628128LR-12 


HM628128LR-7L 
HM628128LR-8L 

HM628128LR-10L 
HM628128LR-12L 


HM628128LFPI-12 


8mm X 20mm 
32-Pin TSOP 
(Reverse 
Type) 
(TFP-32DAR) 


Function Table 
























































E CSi CSs2 OE Mode Vcc Current _Dout Pin Ref. Cycle 

x H x x Net kelectsa Isp, Ispi High-Z 

x x L x Isa, IsB1 High-Z 

H L H H Output disable Icc High-Z 

H L H L Read Icc Dout Read cycle 
cle ee Dion) ee Icc Din Write cycle (1 

L L H L Icc Din Write cycle (2) 
Note: x:HorL 
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HM628128/HM628128I Series 


Absolute Maximum Ratings 


Item Symbol Value Unit 
Voltage on any pin relative to Vs Vr -0.5*! to +7.0 V 
Power dissipation Pr 1.0 WwW 
Operating temperature (HM628128 Series) Topr 0to +70 °C 
Operating temperature (HM628128I Series) Topr -40 to +85 in © 
Storage temperature T stg -55 to +125 °C 
Storage temperature under bias (HM628128 Series) Thias -10 to +85 c€ 
Storage temperature under bias (HM628128I Series) Tbias -40 to +85 °C 


Note: *1. -3.0 V for pulse half-width < 30 ns 


Recommended DC Operating Conditions 
(Ta=0 to +70°C, for HM628128 Series, Ta=-40° to +85°C for HM628128I Series) 


Parameter Symbol Min Typ Max Unit 7 Note 











Supply voliage Vcc 45 5.0 5.5 V a 
Vss 0 0 0 v 

Input high (logic 1) voltage Vin 2.2 — 6.0 Vv 

Input low (logic 0) voltage Vi 0.3"! — 0.8 V 





Note: *1.-—3.0 V for pulse half-width < 30 ns 


DC Characteristics (Ta=0 to +70°C, for HM628128 Series, Ta=-40° to +85°C for HM628128I Series, 
Vcec=5 V + 10%, Vss=0 V) 


Parameter Test Conditions 
Input leakage current eae eee pA | Vin=Vogg to V 


CSI= Vin or CS2=Vjy,, 
Output leakage current ITLol OE=Vjyq or WE=Vj,, 
Vv /O =V« < to V, 
Operating power supply 35 say eee my ye 
current: DC (45) Oni is Te NIL 
Min. cycle, duty = 100%, CS1=Vy,,, CS2=Vyq1, 
Icc1 a others = Vyy/Vy,_ 
Tyjo=0 sts (HM6281281 Series) 


Tyjo=0 mA (HM628128I Series) 
Operating Power supply Cycle time = Lys, 
current duty = 100%, Iyjo=0 mA 
ike 15 is mA | CS1<0.2V, CS2> Voc -0.2V 
Vin 2 Vcc-0.2V, Vit <0.2V 
(HM628128I Series) 


Standby Vcc current: DC | Isp | — | 1 | 3 | mA | CSI=Vyq, CS2=Vyq or CS2=Vy 

ee P= Pon [2 Tma T vine ov 

ae (ys DC | — | 2*2 | 100*2| CS12 Vcc -0.2V, CS22 Vec -0.2V or 
r— [23 [50% | O0V< CS2<0.2V 

Output low voltage ete et Io, =2.1 mA 

Output high voltage | Vow | 2.4 | — | — | V_| Toy=-1.0mA 


Note: 1. Typical values are at Vcc =5.0V, Ta= +25°C and specified loading. 
2. This characteristics is guaranteed only for L-version. 
3. This characteristics is guaranteed only for SL-version. 
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HM628128/HM628128I Series 


Capacitance ( Ta = 25°C, f = 1.0 MHz) 


Item Symbol Min Typ Max Unit Test Conditions 
Input ‘capacitance Cin — —_ 8 pF Vin =0V 
Input/output capacitance Cyo — _ 10 pF Vyo = 0 V 


Note: This parameter is sampled and not 100% tested. 


AC Characteristics (Ta=0 to + 70°C, for HM628128 Series, Ta=-40-to +85°C for HM628128I Series, 
Vec=5 V + 10%, unless otherwise noted) 








Test Conditions 
¢ Input pulse levels: 0.8 V to 2.4 V for HM628128 Series ¢ Input and output timing reference levels: 1.5V 
0.5 V to 2.5 V for HM628128! Series * Output load: 1 TTL Gate and CL (100pF) 
¢ Input rise and fall times: 5 ns (Including scope & jig) 
Read Cycle 
HM6281281-8 HM628128I-10 HM628128I-12 
ens Symbol HM628128-7 HM628128-8 HM628128-10 HM628128- 12 Unit Note 
Min Max Min Max Min Max Min Max 
Read cycle time tRc 700 — 8 — 100 — 120 — ns 
Address access time tAA — 70 — 85 — 100 — 120 ns 
Chip selection (CS1) tco1 — 70 — 85 — 100 — 120 ns 
to output valid 
Chip selection (CS2) tco2 —_ 70 — 85 — 100 — 120 ns 
to output valid 
Output enable (OE) tog — 35 — 45 — 50 — 60 ns 
to output valid 
Chip selection (CS1) tLz1 10. = 10 \ 10 — ns "1+ %2. 
to output in low-Z 
Chip selection (CS2) 1Lz2 10 — 100 — 10 —_ 10 — ns “1+ *2, 
to output in low-Z 
Output enable (OE) to1z 5. ee 5 — 5 — 5S ns “!*2, 
to output in low-Z 
Chip deselection (CS1) biz 0 25 0 30 0 35 0 45 ns “1 "2, 
to output in high-Z 
Chip deselection (CS2) tiz2 0 25 0 30 0 35 0 45 ns “2, 
to output in high-Z =23 
Output disable (OE) toHz 0 25 0 30 0 35 0 45 ns “1.2 
to output in high-Z 
Output hold from ton 10 — 100 — 10 — i0 — ns 
address change 
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———_—_-- — HM628128/HM628128I Series 


Read Cycle Timing 






















Address 


a NNO A 


tcoz tuza 


[eS ee ee I is ieee 
SDL fs ee NS 
7 P| en 
e Ys 1 | ALL LILA 


Xx ae iel KX) 


Notes: “1. tz and tonz are defined as the time at which the outputs achieve the open circuit conditions and are not referenced to output 
voltage levels. 
*2. At any given temperature and voltage condition, tz max is less than trz min both fora given device and from device to device. 


*3, WE is high for read cycle. 









































Write Cycle 
HM6281287 _HMG28108.8 MGB. HMCOsDe 12 
Parameter Symbol "Min Max. Min Max. Mi Max Min Max Unit Note 
Write cycle time twe 70 — 85 — 100 — 120 — ns 
Chip selection to tcw 60 - 75 ~ 80 — 85 a ns 
end of write 
Address setup time tas 0 — 0 — 0 — 0 — ns 
Address valid to taw 60 — 75 — 80 —_ 85 — ns 
end of write 
Write pulse width twP 50 —_ 55 — 60 — 70 — ns 
Write recovery time tWR 5 — 5 (10) — 5 (10) — 1015) — ns *{]2 
10 —_ 10 (15) — 10 (15) — 15 (15) — ns *1] *12 

Write to output tWHZ 0 25 0 30 0 35 0 40 ns *10 

in high-Z 
Data to write time tow 30 — 35 — 40 — 45 — ns 

overlap 
Write hold from tDH 0 — 0 —_— 0 — 0 — ns 

write time 
Output active from tow 5 — 5 —_ 5 — 5 — ns *10 

end of write 
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HM628128/HM628128! Series 


Write Timing Waveform (1) (OE Clock) 


two 


TIS T IVA LH MOSS 
Rs | 


SSSSSRSSYSR __gZAZZZZZ7 


Address 


ZZLLIVLLALH TS ASAN SAN 
tw 
, _ IZZZZZZZ 


—— J 


SLL LL LLL LL 


tow ton 
re 6. 
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HM628128/HM628128I Series 


Write Timing Waveform (2) (OE Low Fix) 





Notes: *1. 


*2. 
3, 
*4, 
*5. 


*6. 
“7, 
*8. 
*9. 


*10. 
*11. 


*12 


Hitac 





SNe 
TIALIIDP TALS 


+5 
twuz “7 *8 


v VN NN NN NSS NN UNAS 
LiL LALA LL LLL LS \ _ JRALS 


tow 


tow ton we 
ae 


ZN ALT LILLY 


A write occurs during the overlap of a low CS1, a high CS2 and alow WE. A write begins at . the latest transition among CSI 
going low, CS2 going high and WE going low. A write ends at the earliest transition among CS1 going high, CS2 going low 
and WE going high. twr is measured from the beginning of write to the end of write. 

1cw is measured from the later of CS] going low or CS2 going high to the end of write. 

tas is measured from the address valid to the beginning of write. 

twr is measured from the earliest of CS] or WE going high or CS2 going low to the end of write cycle. 

During this period, I/O pins are in the output state; therefore, the input signals of the opposite phase to the outputs must not 
be applied. 

If CSI goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state. 
Dout is the same phase of the latest written data in this write cycle. 

Dout is the read data of next address. 

If CSI is low and CS2 is high during this period, I/O pins are in the output state. Therefore, the input signals of the opposite 
phase to the outputs must not be applied to them. 

This parameter is sampled and not 100% tested. 

This value is measured from CS2 going low to the end of write cycle. 

. Parenthesis denote specification for HM628128I Series only. 
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HM628128/HM628128l Series 


Low Vcc Data Retention Characteristics (Ta=0 to +70°C) for HM628128 Series, 
Ta=-40 to +85°C for HM628128I Series. 


(This characteristics is guaranteed only for L & SL version.) 












Test Conditions*2 


CS1 = Vcc -0.2 V, 
CS2 = Vcc -0.2 V 
or0V <= CS2 < 0.2 V 
Vin =0V 
Vcec=3.0 V, Vin = OV 
CSI = Vcc -0.2 V, 

CS2 = Vcc -0.2 V or 
0V < CS2 <2.0V 





Parameter 


Vcc for data 
retention 










Data retention 
current 







Chip deselect to 
data retention time See Retention 


Waveform 







Operation recovery 
time 


Csi 2Vcc—0.2V 
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HM628128/HM628128I Series 


Low Vcc Data Retention Timing Waveform (2) (CS2 Controlled) 








Vec Data Retention Mode 


CS250.2V 











Note: 13. *1: for L-version and 20 uA max. at Ta=0 to 40°C 
*2: for SL-version and 3uA max. at Ta=0 to 40°C. 

14. CS2 controls address buffer, WE buffer, CS1 buffer and OE buffer and Din buffer. If CS2 controls data 
retention mode, Vin levels (address, WE, OE, CSI, I/O) can be in the high impedance state. If CSI controls 
data retention mode, CS2 must be CS2 = Vcc -0.2V or OV = CS2 <s 0.2V. The other input levels (address, 
WE OE, I/O) can be in the high impedance state. 


15. Vcc rise time must be more than 50ms when V¢¢ rise time is less than 50ms, tp must be 50ms or more. 
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HM66204 Series 


131072-word x 8-bit High Density CMOS Static RAM Module 


The HM66204 module was designed for pinout and signal compatibility with the HM628128 128K 
x 8 Monolithic Device. 


This device is now obsolete and no longer in manufacture. 


New designs should be based on the HM628128 Monolithic Device. 
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HM624256A Series 


262,144-Word x 4-Bit High Speed CMOS Static RAM 


@ DESCRIPTION 


The Hitachi HM624256A is a high speed 1M 
Static RAM organized as 256-kword x 4-bit. It real- 
izes high speed access time (20/25/35 ns) and low 
power consumption, employing CMOS process 
technology and high speed circuit designing tech- 
nology. It is most advantageous for the field where 
high speed and high density memory is required, 
et as the cache memory for main frame or 32-bit 

The HM624256A, packaged in a 400 mil plastic 
SOuJ is available for high density mounting. 


@ FEATURES 
® Single 5V supply and high density 28-pin package 
(DIP and SOJ) 
¢ High speed 
Access time: 20/25/35 ns (maximum) 
e Low power dissipation 
Active mode 350 mW (typical) 
Standby mode 100 pW (typical) 
¢ Completely static memory 
No clock or timing strobe required 
¢ Equal access and cycle time 
Directly TTL compatible 
All inputs and outputs 


@ ORDERING INFORMATION 


Access Time 








Package 








Preliminary 


(DP-28C) 










HM624256AP-20 

HM624256AP-25 400-mil 

HM624256AP-35 28-Pin 

HM624256ALP-20 Plastic DIP 

HM624256ALP-25 (DP-28C) (Top View) 


HM624256ALP-35 
HM624256AJP-20 
HM624256AJP-25 
HM624256AJP-35 
HM624256ALJP-20 
HM624256ALJP-25 
HM624256ALJP-35 





@ PIN DESCRIPTION 


Pin Name 
Ao-A17 

Y/Oo-1/04 
cs 
OE 
WE 
Vcc 
Vss 
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400-mil 
28-Pin 
PlasticSOJ 
(CP-28D) 





Function 
Address 


Input/Output 
Chip Select 
Output Enable 
Write Enable 
Power Supply 
Ground 
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HM624256A Series 


@ BLOCK DIAGRAM 


Memory Matrix 
512 X 2048 


Input 
data 
control 


© O O O O) O © O) ) 
Ag Aio Ait Ai2 Aig A14 A1s Ate A1z7 
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HM624256A Series 


@ FUNCTION TABLE 


[0 Pi 
High-Z 





Note: X: H or L 


@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 
Voltage on any pin relative to Vss Vv 
Operating Temperature Range °C 
Storage Temperature Range °C 
Storage Temperature Range Under Bias Toias 2C 


Note: 1. Vin min = —2.0 V for pulse width < 10 ns. 
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HM624256A Series 


@ RECOMMENDED DC OPERATION CONDITIONS (T, = 0 to +70°C) 








Parameter 


Supply Voltage 





Input High (Logic 1) Voltage 
Input Low (Logic 0) Voltage 
Note: 1. Vi_ min =—2.0 V for pulse width < 10 ns. 


@ DC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 5V + 10%, Vss = OV) 
HM624256A-20 HM624256A-25/35 
Parameter Symbol z Unit Test Conditions 
ai ae | i [| 
Vcc = Max 
rmumeom [ti] -|-]»|-|-|o[ =| Sai 
CS = Vin 
ouimnecoee | hat | = [|| —[- |=] » | ntti 
Operating Power CS = ViL, lo =0 mA, 
Smopcmen | ee | ~ | -| so] | ~ [im] mm | Site 
Standby Power AC ‘ 
creme |» |-|-[e|-|-|=| =| @-mamon 
Standby Power Supply Ispi*2 0.02 | 2.0 0.2 | 2.0 | mA CS = Vcc -0.2V, OV $ Vin 
Current (1) <i 100 100 HA <0.2V or Vin 2 Vcc -0.2V 
Output Low Voltage ee CS re lol = 8 mA 
Output High Voltage eee ee ee lon =4 mA 


Notes: 1. Typical limits are at Vcc = 5.0V, Ta = +25°C and specified loading. 
2. P and JP version. 
3. LP and LJP version. 
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HM624256A Series 


@ CAPACITANCE (T, = 25°C, f= 1 MHz.) 


Parameter i i Test Conditions 
Input Capacitance 





Input/Output Capacitance 





Note: |. This parameter is sampled and not 100% tested. 


WAC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 5V + 10%, unless otherwise noted.) 


Test Conditions 


input pulse levels: OV to 3.0V 

Input rise and fall times: 4 ns 

Input timing reference levels: 1.5V 
Output timing reference levels: 1.5V 
Output load: See figures 





+5V +5V 
4800 4802 
Dout Dout 
255 30pF* 2552 SpF* 
: Output Load (A) Output Load (B) 
Including scope & jig. (for tcnz, teiz, twuz & tow) 
@ HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 e (415) 589-8300 261 


HM624256A Series 


@ READ CYCLE 

HMOQISGA-20 
ae ee win Tex [tin Tax sina 
Read Cycle Time ei ee ee eee ee ee 
Address Access Time Pitan | — | 20 | — | 2 | — | 35 | 
Chip Select Access Time | tacs | — [| 20 [ — {| 2 | — | 35 | 
Chip Selection to Output inLow-Z__|tciz!| 5 | — [| 5s | — [| 5 | — | 
Output Enable to Output Valid | toe | — | io [| — | 2 | = | os | 
Output Enable to QutputinLow-Z_ [torz!| o | — | o [| — | o | — | 
Chip Deselection to Output in High-Z ftcuz!}| o | 10 [| o | 2 | o [| 15 | 
Chip Disable to Output inHigh-Z | tonz*!{ 0 | 10 | ae ee ae 


Output Hold from Address Change | ton | 5 | — [| 5 | — | 5 | — | 
Chip DeselectiontoPowerUpTime | tpu | 0 | — | 0 | — | o | — | 
Chip Deselection to PowerDown Time] pp | — | 12 | — | is | — | 25 _| 


@ READ TIMING WAVEFORM (1) “1; *2 


= tro 








Address sae ee 
CS WSS LILLLLLLLLL 
S Osos MMLLLLLLLLLE 
atone | 
Dout oC a <. 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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HM624256A Series 


@ READ TIMING WAVEFORM (2) “2; *3, *5 





Address 








Dout 


@ READ TIMING WAVEFORM (3) “1, *2, *4, *5 





Dout 





Vec supply 
current 


loc 


Isp 





Notes: 1. Transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 
. WE is high for read cycle. 

. Device is continuously selected, CS = VIL. 

. Address valid prior to or coincident with CS transition low. 


. OE= VIL. 


Mp WhO — 
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HM624256A Series 


@ WRITE CYCLE 


Parameter 


Write Cycle Time 

Chip Selection to End of Write 
Address Valid to End of Write 
Address Setup Time 

Write Pulse Width 

Write Recovery Time 


. Output Disable to Output in High-Z"! 


Write to Output in High-Z*! 
Data to Write Time Overlap 
Data Hold from Write Time 
Output Active from End of Write*! 


vate in | Max | Min | Mex [Min | Max | 
fj twe | 20 7] as 8s 
Ae See oe es 
a a ee ee ee ee 
ae ee ee ee eee 
| twe | 4 | a | ts 
a ed ee ee 
ET CR eda Ee a 
By a FD) 
ES ee ee eee ee ee 
ae ee ee 
ERs a Da A Ce a 


@ WRITE TIMING WAVEFORM (1) 


Address 


Dout 











tow tou 


© HITACHI 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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HM624256A Series 


@ WRITE TIMING WAVEFORM (2)*6 


t 
ez WC 


ae eo ge cect ese 
«wt ATT 














= twp"? >| ee ai ae eee 
re tok \\\AK ton 7g 
t “4 tow 
Sa ANAT 
Dout SASLALTLAS £LLTAS. WADA 








tow toy"? 
et 
Din 


. Transition is measured +200 mV from high impedance voltage with Load (B). This parameter is sampled and not 100% tested. 

. A write occurs during the overlap (twp) of a low CS and a low WE. 

. tWR is measured from the earlier of CS or WE going high to the end of write cycle. 

. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, output remain in a high 

impedance state. 

OE is a continuously low (OE = Vy). 

. Dout is the same phase of write data of this write cycle. 

. Dout is the read data of next address. 

. If CS is low during the period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs must 
not be applied to them. 


Notes: 


MbhWDN — 





Oo NID 
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HM624256A Series 


@ LOW Vcc DATA RETENTION CHARACTERISTICS (T, = 0 to +70 °C) 
This characteristic is guaranteed only for L-version. 








Parameter Test Conditions 
VCC for Data Retention 


Data Retention Current 








CS = VCC -0.2V, 
Vin = VCC -0.2V or 


Chip Deselect to Data Retention Time OV < Vin <0.2V 





Operation Recovery Time 
Note: 1. Vcc = 3.0V 


@ LOW Vcc DATA RETENTION TIMING WAVEFORM 


Data retention mode 





Voc 
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HM624257 Series 


262144-WORD x 4-BIT HIGH SPEED CMOS STATIC RAM 


The Hitachi HM624257 is a high speed 1M static RAM 


organized as 256-kword x 4-bit. It realizes high speed access 
time (35/45 ns) and low power consumption, employing the 
advanced CMOS process technology and high speed circuit 
designing technology. It is most advantageous for the field where 
high speed and high density memory is required, such as the 
cache memory for main frame or 32-bit MPU. 


The HM624257, packaged in a 400-mil plastic SOJ is available 


for high density mounting. 


a FEATURES 
© Single 5 V supply and high density 32-pin package (SOU) 


® ORDERING INFORMATION 







HM6242575P-35 400 mil 
HM624257JP-45 45 ns 32-pin 1 
HM624257LJP-35 Plastic SOJ 2 
HM624257LJP-45 eee (CP-32D) 3 
4 
@ PIN DESCRIPTION é 
Pin Name Function ; 
Ao-Ai7 Address , 
I,-I4 Data Input 
1-04 Data Output 
cs Chip Select 
WE Write Enable 
Vcc Power Supply 
Vss Ground 


High speed: Access time 35/45 ns (max.) 


Low power dissipation 
Active mode: 350 mW (typ.) 
Standby: 100 pW (typ.) 


Completely static memory: 
No clock or timing strobe required 


Equal access and cycle time 





(CP-32D) 
Directly TTL compatible: All inputs and outputs . 


PIN ARRANGEMENT 
Top View 





Access Time 


Package 
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HM624257 Series 


@ BLOCK DIAGRAM 


Row Memory Arrray 


Decoder 256 X 1,024 


Zn 

— Column I/O 
Input 
Data Column Decoder 
Control 
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HM624257 Series 


@ ABSOLUTE MAXIMUM RATINGS 


Voltage on any Pin Relative to Vs -0.5"! to +7.0 V 


Power Dissipation 


Vi 

Pr aa 
Operating Temperature Range ; °C 
Storage Temperature Range °C 
Storage Temperature Range Under Bias °c 


NOTE: *1. V,, min. = -2.0 V for pulse width < 10 ns. 


@ FUNCTION TABLE 


caw 







Ref. Cycle 


Wiese Vectra [Bane | 
ia 








Read Cycle!)-(2) 
Write Cycle(!)-(2) 





NOTE: X:HorL 
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HM624257 Series 





@ RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to +70°C) 


Supply Voltage 


Input High (Logic 1) Voltage 
Input Low (Logic 0) Voltage 


NOTE: *1. V,, min. = -2.0 V for pulse width s 10 ns. 





@ DC CHARACTERISTICS (T, = 0 to +70°C, Voc = 5 V + 10%, Vss = 0 V) 


Input Leakage Current lhl 2.0 pA Vec = max. 

Vin = Vss to Vec 
Output Leakage Current lILol pA CS = Vin 

Vio = Vss to Vec 
Operating Power Supply Current Icc 70 120 mA CS = Viz. Ivo = OmA, 

min. cycle 


Standby Power Supply Current (1) mA CS = Vcc - 0.2 V 
OV s V,, s 0.2 Vor 
Vin 2 Vec -0.2V 
eee eel 


Cup Von ee 


NOTE: 1. Typicat limits are at Voc = 5.0 V, T, = +25°C and specified loading. 


@ CAPACITANCE (T, = 25°C, f = 1MHz) 





Item Test Conditions 









- Input Capacitance 





Output Capacitance 


NOTE: |. This parameter is sampled and not 100% tested. 
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M6 24257 Series 


@ AC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 5 V + 10%, unless otherwise noted.) 


Test Conditions 


¢ Input pulse levels: Vgg to 3.0 V ¢ Input and output timing reference levels: 1.5 V 
¢ input rise and fall times: 5 ns ¢ Output load: See Figures 


Output Load (A) Output Load (B) 


(for tcyz, tciz> twuz & tow) 
5V 


5V 





NOTE: ‘including scope & jig. 


@ Read Cycle 
























Ree a eC ee elas 
Address Access Time ee | _ 35 45 ns 
Chip Select Access Time tacs 35 ns 
Output Hold From Address Change | ton 5 _ ns 
Chip Selection to Output in Low-Z ti7" a ns 
Chip Deselection to Output in High-Z tz’! 0 20 0 ns 
Chip Selection to Power Up Time tpy 2 ~_— ns 
Chip Deselection to Power Down Time tpp f - | | 30 ns 


NOTE: =}. Transition is measured + 200 mV from steady voltage with Load (B). 
This parameter is sampled and not 100% tested. 
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HM624257 Series 


Read Timing Waveform (1) *1, “2 


Address 


Dout 





Read Timing Waveform (2) °1, °3 


cs 

- OOK 
High Impedance High Impedance 

Vee supply feu 


current 


NOTES: *1. WE is high for read cycle. 
*2. Device is continuously selected, CS = VIL. 


*3, Address valid prior to or coincident with CS transition low. 


@ Write Cycle 


HM624257-35 HM624257-45 


Item Symbol 


- 

= a 
2d 
+ 


* 


2, 


Write Enabled to Output in High-Z 15 20 


= 
N 


Output Active From End of Write 


| Max | 

Write Cycle Time Ww 45 fF 
Chip Selection to End of Write tw | 3 | -~ | «@ | —- | 
Address Valid to End of Write ta | 39 =| - | o [| - | 
We Pa Wi ae a 
Data Valid to End of Write | tw | 2 | - | | 
| 

en Ecos 


NOTE: |}. Transition is measured +200 mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
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HM624257 Series 
Write Timing Waveform (1) (WE Controlled) 


twe 





Address 





6 Ta, 
area 


(os) 

7 : == 
eee a |] ; 

pe XX KKKKKKN KKK KOK _daninvait | KOKORO 

Deen) GP Le Gy GP LE Mav AP Ae SP SP Ss High Impedance pemeany {7 


MRNA NN NNR NA VA LAZY 





Write Timing Waveform (2) (CS Controlled) 
twe 


\eaeaanen aaad 
ON 


Address 


cS 


eS 


DILL 


m XXKXKKXKKKKKK em KKK KKER 


Dout High Impedance** 


d 


NOTES: *1. A write occurs during the overlap of a low CS and a low WE. 
*2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 
"3. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, output buffers remain in a high impedance state. 
*4. Dour is the same phase of write data of this write cycle. 
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HM624257 Series 


@ Low Vcc Data Retention Characteristics (T, = 0 to +70°C) 






Test Conditions 






Vcc for Data Retention 
Data Retention Current 
Chip Deselect to Data Retention Time 
Operation Recovery Time 


NOTE: *I. Vcc =3.0V. 


CS = Voc - 0.2 V, 
Vin 2 Vec - 0.2 V or 
OV <sV;,, 5 0.2V 










Low Vcc Data Retention Timing Waveform 


Data Retention Mode 





CS2 Vee - 0.2V 
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HM621100A Series 


1,048,576-Word x 1-Bit High Speed CMOS Static Ram 


@ DESCRIPTION 

The HM621100A is a high speed 1M Static RAM 
organized as 1,048,576-word x 1-bit. It realizes high 
speed access time (20/25/35 ns) and low power 
consumption, employing CMOS process technology 
and high speed circuit designing technology. It is 
most advantageous for the field where high speed 
and high density memory is required, such as the 
cache memory for main frame or 32-bit MPU. 

The HM621100A, packaged in a 400 mil plastic 
SOJ is available for high density mounting. 


@ FEATURES 
e Single 5V supply and 
high density 28-pin package (DIP and SOW) 
e High speed 
Access time 20 ns/25 ns/35 ns (maximum) 
e Low power dissipation 
Active mode 350 mW (typical) 
Standby mode 100uW (typical) 
Completely static memory 
No clock or timing strobe required 
e Equal access and cycle time 
Directly TTL compatible 
All inputs and outputs 


@ ORDERING INFORMATION 













Access Time 





Package 





HM621 100AP-20 


HM621 100AP-25 400-mil 
HM621 100AP-35 28-pin 
HM621 100ALP-20 plastic DIP 
HM621 100ALP-25 (DP-28C) 


HM621100ALP-35 
HM621 1O0AJP-20 









HM621100AJP-25 400-mil 
HM621100AJP-35 28-pin 
HM621100ALJP-20 plastic SOJ 
HM621 1OOALJP-25 (CP-28D) 


HM621100ALJP-35 





(Top View) 





@ PIN DESCRIPTION 


Pin Name 
Ao0-A19 
DIN 
DoutT 
cs 
WE 
Vcc 
Vss 
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Preliminary 





Function 
Address 


Input 
Output 
Chip Select 
Write Enable 
Power Supply 
Ground 


HM621100A Series 





m@ BLOCK DIAGRAM 


Row Memory Matrix 


> Decoder 256 X 1024 


Wy Id We 





@ FUNCTION TABLE 


see 





Ref. Cycle 














Read Cycle 
Write Cycle 





Note: 1. X: H or L 


@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 
Voltage on any pin relative to VSS ) Vin ff -0.5*11047.0 0 Vv 
Powe: Dissipation ea ee eT eee Mee 
Operating Temperature Range °C 
Storage Temperature Range °C 
Storage Temperature Range Under Bias °C 


Note: 1. Vin min = —2.0 V for pulse width < 10 ns. 

m@ RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to +70°C) 
Parameter 

Supply Voltage 


Input High (Logic 1) Voltage 





Input Low (Logic 0) Voltage 
Note: 1. VIL min =~2.0V for pulse width < 10 ns. 


@ HITACHI 
276 Hitachi America, Ltd. Hitachi Plaza » 2000 Sierra Point Pkwy. # Brisbane, CA 94005-1819 « (415) 589-8300 





HM621100A Series 


@ DC CHARACTERISTICS (Ta = 0 to +70°C, Vcc = 5V + 10%, VsSs = 0V) 


HM621 100A- | HM621100A-20_| HM621 100A- | HIM621100A-25/35 


Unit Test Conditions 


CS = VIH 
CS = VIL, Ivo =O mA, 


wh CS = Vcc -0.2V 
WA OV < Vin $ 0.2V or 
Vin 2 Vcc -0.2V 


2.0 
100 
= [en 


Parameter Symbol 


Input Leakage Current 


Output Leakage Current Bal fel 
Operating Power 

Supply Current 

Standby Power Ispi2 

Supply Current (1) IsBi3 


Output Low Voltage VOL 


Notes: |. Typical limits are at VCC = 5.0V, Ta = +25°C and specified loading. 
2. P and JP version 
3. LP and LJP version 





Mi CAPACITANCE (Ta = 25°C, f= 1 MHz) 











Parameter 
Input Capacitance 


Output Capacitance 





Note: |. This parameter is sampled and not 100% tested. 


M@ AC CHARACTERISTICS (Ta = 0 to +70°C, Vcc = 5V + 10%, unless otherwise noted.) 


Test Conditions 
¢ Input pulse levels: 0.6Vto2.4V 
¢ Input rise and fall times: 4ns 
¢ Input timing reference levels: 2.2 V and 0.8 V 
© Output timing reference levels: 2.0 V and 0.8 V 
© Output load: See Figures 
+5V +5V 
480Q 480Q 
Dout Dout 
255 30pF* 255 5pF* 
Output Load (A) Output Load (B) 


(for tcnz, teLz, twHz a tow) 
* Including scope & jig. 
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@ READ CYCLE 
Parameter Symbol -20 -25 -35 Unit 
jw | mee _| may | mag 

Read Cycle Time on ns 
Address Access Time aoe ae ee a ns 
Chip Select Access Time a0 as oe ee ee ee ee ns 
Chip Selection to OutputinLowZ | uz! |3 | — Tos 1— [3 1 a 
Chip Deselection to Output inHigh-Z | tuz' | 0 | 10 | Oo | 12 7 0 [ 15 | ns 
Output Hold from Address Change. | ton SCOTS =F 
Chip Selection to Power Up Time tPU | o jf — | o | — | o [| — | ns 
Chip Deselection to Power Down Time} tpep | — | 12 [7 — {| 15 [ — | 25 | ns 


lm READ TIMING WAVEFORM (1) 2: 3 


tro 


Address 


taa ton 


CXKX? 








Dout Data Valid 





lm READ TIMING WAVEFORM (2) 2; 4 


cs 

Dout High Impedence 
i teu 

Vec supply 

current 





Notes: 1, Transition is measured £200 mV from high impedance voltage with Load (B). This parameter is sampled and not 100% tested. 
2. WE is high for read cycle. 
3. Device is continuously selected, CS = VIL 
4. Address valid prior to or coincident with CS transition low. 
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HM621100A Series 


@ WRITE CYCLE 


sue al aes 100A uke 100A 
Parameter Symbol Unit 


Write Cycle Time SR en aC ns 
Chip Selection to End of Write pas | 4 a ns 
Address Valid to End of Write tAW Se ns 
Address Setup Time P etas, | Oo CT — [| oo | ~ [ o | ns 
Write Pulse Width Petwee fT 4 tf — Ts ns 
Write Recovery Time | twR | oO | — | o | — | Oo | — | ns 
Write to Output in High-Z ae ae ee ee a ee ee ns 
Data to Write Time Overlap | twee 2 | — ts | — | 2 | — CO ns 
Data Hold from Write Time | tH | oOo | — | o | — {| 0 | — | ns 


Output Active from Endof Write | tow! =| 0 =f — | o | ~ | 06 | ~ | ns 


Addresses 


Din 


Dout 

















Se NA NNN 
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HM621100A Series 


@ WRITE TIMING WAVEFORM (2) (CS Controlled) 





Addresses 














Din 





Dout High Impedence *4 


Notes: 1. Transition is measured +200 mV from high impedance voltage with Load (B). This parameter is sampled and not 100% tested. 
2. A write occurs during the overlap‘of a low CS and a low WE. 
3. tWR is measured from the earlier of CS or WE going high to the end of write cycle. 
4, If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain in 
a high impedance state. 
5. Dout is the same phase of write data of this write cycle, if twR is long enough. 


@ LOW Vcc DATA RETENTION CHARACTERISTICS (Ta = 0 to +70°C) 


This characteristic is guaranteed only for L-version. 













Test Condition 


Vcc for Data Retention 








Data Retention Current CS = Vcc-0.2V 
Chip Deselect to Vin 2 Vcc -0.2V or 
Data Retention Time OV < Vin <0.2V 


Operation Recovery Time 
Note: Vcc =3.0V. 





@ LOW Vcc DATA RETENTION TIMING WAVEFORM 


Data retention mode 
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HM628512 Series 


524,288-Word x 8-Bit High Speed CMOS Static RAM 


@ DESCRIPTION 

The Hitachi HM628512 is a 4M-bit Static RAM 
organized 512-kword x 8-bit. It realizes higher den- 
sity, higher performance and low power consump- 
tion by employing 0.5 um Hi-CMOS process 
technology. The device, packaged in a 525-mil SOP 
(foot print pitch width) or 600-mil plastic DIP, is avail- 
able for high density mounting. LP-version is suit- 
able for battery back up system. 


@ FEATURES 
® High speed 
Fast Access time 55/70/85/100 ns (max.) 
e Low power 
Standby: 10 uW (typ.) (L/L-SL version) 
Operation: 75 mW/MHz (typ.) 
e Single 5V supply 
¢ Completely static memory 
No clock or timing strobe required 
e Equal access and cycle times 
¢ Common data input and output: Three state input 
¢ Directly TTL compatible: All inputs and outputs 
© Capacility of battery back up operation 
(L/L-SL version) 


m@ ORDERING INFORMATION 


Access Time 


Package 


































































HM628512P-5 55 ns 
HM628512P-7 70 ns 
HM628512P-8 85 ns 
HM628512P-10 100 ns 
HM628512LP-5 55ns | 600-mil, 32 pin 
HM628512LP-7 70ns __| Plastic DIP 
HM628512LP-8 85ns _| (DP-32) 
HM628512LP-10 100 ns 
HM628512LP-5SL 55 ns 
HM628512LP-7SL 70 ns 
HM628512LP-8SL 85 ns 
HM628512LP-10SL 100 ns 
HM628512FP-5 55 ns 
HM628512FP-7 70 ns : 
HM628512FP-8 85 ns (Top View) 
HM628512FP-10 100 ns 
HM628512LFP-5 55s | 525-mil, 32 pin 
HM628512LFP-7 70 ns Plastic SOP @ PIN DESCRIPTION 
HM628512LFP-8 85 ns __| (FP-32D) 
HM6285 1 2LFP-10 100 ns EN 
HM628512LFP-5SL 55 ns A 
HM628512LFP-7SL 70 ns A0-A18 
HM628512LFP-8SL 85 ns 
HM628512LFP-10SL 100 ns /O0-/07 

cs 

WE 

OE 

Vcc 

Vss 

@ HITACHI 


(DP-32) 





Preliminary 





Function 
Address 
Input/Output 
Chip Select 
Write Enable 
Output Enable 
Power Supply 
Ground 


Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 281 


HM628512 Series 





@ BLOCK DIAGRAM 


Memory Matrix 
1,024 x 4,096 





@ FUNCTION TABLE 


Mode Vcc Current | Dout Pin | Ref. Cycle 
Not Selected High-Z 


Read Cycle 
Write Cycle (1) 
Write Cycle (2) 





Note: X: H or L 


@ ABSOLUTE MAXIMUM RATINGS 


Item Symbol Unit 


Voltage on any Pin Relative to Vss Vv 
Power Dissipation a: ee eee | eee W 
Operating Temperature =C 
Storage Temperature °C 
Storage Temperature Under Bias °C 


Notes 1. —3.0V for pulse half-width < 30 ns 


m@ RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to +70°C) 


Supply Voltage 





Note *!. -3.0V for pulse half-width < 30ns. 
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HM628512 Series 


m@ DC CHARACTERISTICS (Ta = 0 to +70°C, Vcc = 5V + 10%, Vss = OV) 


Item Symbol Unit 
Input Leakage Current Min Ves toVeC 2 [oe ee 


CS = Vin, OF = VIH or WE = VIL, 


HA 





Output Leakage Current liLo| 2 HA 


VI/O= VSS to VCC 


Operating Power Supply CS = VIL, Others = VIH/VIL, ar 
Current: DC Tyyo= 0 mA 


ss 
_Min. Cycle, Duty = 100% 
Icc1 CS = VIL, Others = VIH/VIL 55 mA 
Operating Power yo =O mA 
30 


Supply Current Cycle Time = | us, Duty = 100% 





Icc2 Ivo = 0 mA, CS <0.2V, 


VIH 2 Vcc -0.2V, VIL $0.2V 


p= fs fw | 
Standby Power Supply ae 
Current: DC ISB CS = VIH 3 mA 


andby Power Supply == z ¥ 

Current (1): DC IsB1 Vin20V,CS2Vec-02V_ | — | 2% | 100% | yA 
Vin OV.CS= Voe=02V [= 23] 50") [ua 

Ouipat Law Volage pa oiaes e  a 

Outpur High Vote TET Wasa = = SS 


Notes: 1. Typical values are at Vcc = 5.0V, Ta = +25°C and specified loading. 
2. This characteristics is guaranteed only for L-version. 
3. This characteristics is guaranteed only for L-SL versior. 





@ CAPACITANCE (Ta = 25°C, f = 1.0 MHz)*! 


Test Conditions 


Input Capacitance 


Output Capacitance 





Note *1. This parameter is sampled and not 100% tested. 


m@ AC CHARACTERISTICS (Ta = 0 to +70°C, Vcc 5V + 10%, unless otherwise noted.) 
Test Conditions 


Input pulse levels: 0.8V to 2.4V 

Input rise and fall times: Sns 

Input and Output timing reference levels: 1.5V 

Output load: 1 TTI gate + CL (100 pF) (including scope and jig) 


@ READ CYCLE 
a FIMeESTEIOT 

ae Se 
Read Cycle Time mc__| 55 | — {| 70 | ~ | 8 | —j 00{ — J] ms | 
Address Access Time ieee ee ee ee ee ee 
Chip Select Access Time ico | — | 55 | ~ | 70 | — | 85 | — | 100] om | 
Output Enable to Output Valid 7 ie ee ee ee ee ee 
Chip Selection to Output in Low-Z tLZ eee traces (he Ge bene Geos oak ae PO 1,2,3 
Output Enable to Output inLowZ | torz | 5 | ~| 5 | ~ | 5 | ~] 5 | =] os [123 
Chip Deselection to Output in High-Z tHZ CO | 200 = Or 95st 0 1-300 Pf 6, 5 1,2,3 
Output Disable to Output in High-Z | tonz | o {| 20 | o | 25 | o | 30 | o | 35 | ms [1,23 
Output Hold from Address Change | ton | 5 | — | 10 | — | 19 | ~ | 1 | — | as 
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HM628512 Series 











Address See eet 
= WO A777 


m 


= MON Lk A 
Ba en 
Dou OX Bava > —_ 


ton 


Notes: 1. tHz and tOHZ are defined as the time at which the outputs achieve and open circuit conditions and are not referenced to 
output voltage levels. 
2. At any given temperature and voltage condition, tHz max is less than tLZ min both for a given device and from device to 
device. 
3. This parameter is sampled and not 100% tested. 
4. WE is high for read cycle. 
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HM628512 Series 








@ WRITE CYCLE 
i HM628512-8 | HM628512-10 | a 
puta ae Max a atl 
Write Cycle Time [| twwe [| 55 | — | 7 [| — | 85 [| — [| 100 | — | aos | 
Chip Selection to End of Write | tw | 55 {| — | o | — | 75 | — | 80 | — | os | 
Address setup Time | tas | o | —]| o | — {| o | —j o | —/| no | 
Address Valid to End of Write | tw | so | — | o | — [ 7 | —[ so | — [ os | 
Write Pulse Width | twp | 40 | — | so | — [ 55 [| — [ o | — | os | 
Write Recovery Time oe ee ee ee ee ee ee ee ea ee 
WE to Output in High-Z | wuz | o | 20 | o | 25 | o [| 30 | o | 35 [ os | 10 
Data to Write Time Overlap | ww | 23 | — {| 30 | — | 35 | — | 40 | — | ns | 
Data Hold from Write Time | tn | o | —| o | ~ | o | —~| o | —/[ ns | 
Output Active fromEndof Write | tow | 5 | — | 5 [| — | 5 | —] 5 [| — | os | 10 
@ WRITE TIMING WAVEFORM (1) (OE Clock) 
two 
<< > 
Address ee se 
taw ‘we 





PN 
\ SESMNIUE 


=x JIN 












KAS 


tcHz “5 
<-> 


Dot DD>DD DDD? _D 





Din 
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@ WRITE TIMING WAVEFORM (2) (OE Low Fixed) 


two 





Address 


S A ad We 

















as : \ 
WE tas’3 K tcH 
a twHz"5 tow 
7 8 

Dout NN SSN SSSSSSSIS SSIS AAA AT A 

LLL 4222444444222 S QOYINZAZAZAZN 

tow toy 
= +9 

Din 


Notes: 1. A write occurs during the overlap (twp) of a low CS and a low WE. A write begins at the later transition of CS going low 
or WE low. A write ends at the earlier transition of CS going high or WE going high. twp is measured from the beginning 
of write to the end of write. 

. tCw is measured from CS going low to the end of write. 

. tas is measured from CS going low to the end of write. 

. tWR is measured from the earlier of WE or CS going high to the end of write cycle. 

. During this period, I/O pins are in the output state so that the input signals of the opposite phase to the outputs must not be 
applied. 

6. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output remain in a 

high impedance state. 

7. Dout is the same phase of write data of this write cycle. 

. Dout is the read data of next address. 

9. If CS is low during this period, I/O pins are in the output state. Therefore, the input signals of opposite phase to the outputs 
must not be applied to them. 

10. This parameter is sampled and not 100% tested. 


A BW WY 


oo 
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HM628512 Series 


@ LOW Vcc DATA RETENTION CHARACTERISTICS (Ta = 0 to +70°C,) 


This characteristics is guaranteed only for L/L-SL version 









Vcc for Data Retention 
Data Retention Current 











Vcc =3.0V, Vin 2 0V 
CS 2 Vcc -0.2V 






Chip Select to Data Retention Time . 
5 : See Retention Waveform 
Operation Recovery Time 


m LOW Vcc DATA RETENTION TIMING WAVEFORM (CS Controlled) 


tcpr Data retention mode tr 








Notes: 1. For L-version and 20 pA max. at Ta = 0 to 40°C. 


2. For SL-version and 3 pA max. at Ta = 0 to 40°C. pene 
3. CS controls address buffer, WE buffer, OE buffer, and Din buffer. In data retention mode, Vin levels (address, WE, OE, 


I/O) can be in the high impedance state. 
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HM66205 Series 


§24,288-Word x 8-Bit High Density CMOS Static RAM Module 


Description 

The HM66205 is a high density 4M-bit static RAM module 
consisting of 4 pieces HM628128LTS products (TSOP type 1M 
static RAM) and a HD74ACT138FP equivalent product (SOP 
type CMOS decoder logic). 

An outline of the HM66205 is the standard 600 mil width 32 
pin dual-inline package. Its pin arrangement is completely 
compatible with the forthcoming 4M-bit monolithic static RAM. 

The HM66205 offers the features of low power and high 
speed by using high speed CMOS devices. And, the HM66205 
makes high density mounting possible with no surface mount 
technology. 

These features make the HM66205 ideally suited for high 
density, compact memory system. 


Features 
© High density 32 pin DIP 
Mounting 4 pcs. of 1M static RAM (TSOP; 
HM628128LTS) and CMOS decoder logic (SOP; 
HD74ACT138FP equivalent). 
Pin compatible with 4M monolithic static RAM 
High speed 
Fast access time 85/100/120ns (maximum). 
¢ Equal access and cycle time 
¢ Completely static RAM 
No clock or timing strobe required 
¢ Low Power standby and low power operation 
StandDyi vacevissewros'ee cs ewan con 40 uW (typical) 
Operation: .............. 0. eee eee ee 80 mW (typical) 
¢ Common data input and output, three state outputs 
¢ Capable of battery backup operation 
* Directly TTL compatible: All inputs and outputs 


@ TYPE OF PRODUCTS 


Access 
















HM66205L-85 85 ns ee 
HM6620SL-10 100 ns Sica GE 
HM66205L-12 120 ns ig 





The 66205 module was designed for pinout and signal compatibility with the 


forthcoming 512K x 8 monolithic device. 
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@ PIN ARRANGEMENT 


1 
2 
3 
4 
§ 
6 
7 
8 
9 


(Top View) 


@ PIN DESCRIPTION 









Function 
Address 
Input/Output. 
Chip Select 
Write Enable 
Output Enable 
Power Supply 


Pin Name 











1/0-V/Og 
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HM66205 Series 


@ BLOCK DIAGRAM 


A0-A16 (©) 


*2 Decoder 


01~08 (©) 
WE 


HE) 
E© 





“1. RAM No. 1-No.4 : HM628128 LTS 
*2. CMOS Decoder : HD74ACT138FP 
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HM66205 Series 


@ MODE SELECTION 


Mode 
Not Selected (Power Down) 


ae 
fed 


ee 
x | Heh Tas a 


Write 


NOTE: xX = Don't care (H or L). 


® ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to Vg Vv 

Operating Temperature Range z 
Storage Temperature Range eC 
Storage Temperature Range Under Bias °C 


@ ELECTRICAL CHARACTERISTICS 
© Recommended DC Operating Conditions (T, = 0 to +70°C) 






Parameter 







Supply Voltage 






Input Voltage 


Parameter Symbol | Min. Typ.” | Max. | Unit | Test Conditions 
Output Leakage Current 2 nA CSS Sie on tee. a IL 
Vvo = Vss ~ Voc 
Average Operating Power lo sk Min. Cycle, Duty = 100% 
Supply Current!) = CS = Viz, Ivo = 0 mA, Other Viy/Vit 
Average Operating Power oe te moe, 
Q) Iec2 mA Ivo =QmA,CS s 0.2V, 
Supply Current 
Vin = Voc - 0.2V, Viz s 0.2V 
Sandy Power Sup Comene DC tw | — | @ | @ | ma |@S=Vi 
Op Law og i A 
Opi igh Vag vor [24 [= | = | ¥ [tw =-107ma 


NOTE: 1. Typical values are at Vcc = 5.0V. Ta = +25°C and specified loading. 
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HM66205 Series 


@ CAPACITANCE (T, = 25°C, f = 1MHz) 


Cc 




















Input Capacitance (!) Ag-Ajg, WE, OE 


Input Capacitance 2) 





Input/Output Capacitance V/O,-I/Og 


NOTE: This parameter is sampled and not 100% tested. 


@ AC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 5V + 10%, unless otherwise noted) 


AC Test Conditions 

Input pulse levels: 0.8V to 2.4V 

Input rise and fall times: 5 ns 

Input arid output timing reference level: 1.5V 

Output load: 1 TTL gate and C, - 100 pF (including scope and jig) 


© Read Cycle 


Byes HM66205L-85 HM66205L-10 HM66205L-12 wai 
ee eT ve] = 


85 


Parameter 


120 ns 


Read Cycle Time 


I ns 


Address Access Time 


| Min | Max. | Min | Max. 
RecN ee a 
ee ee ee ee 

| | = | mo | = | mo | is 
a eee ee ee 
feet MG tL 
ae ee et eee 

(ec a ee 
ee a ee es 
fa is eS as 


Chip Select Access Time tacs | = | 
Output Enable to Output Valid | = | 
Chip Selection to Output in Low-Z tcLz | 10 | ns 
Output Enable to Output in Low-Z toz ase 
Chip Deselection to Output in High-Z tcHz 
Output Disable to Output in High-Z tonz 

tow | 0 


Output Hold From Address Change 


ns 


ns 


20 
a 3 


ais 


85 
35 
25 
20 


¢ Read Cycle Timing (1) *1 
tac 


tana 


OE M&S SAQA DLLLLLLLLL 2 





| 





m 





toe 
cS MW _ 


” 





tacs 
toiz a em 
Dout XK vag KD 
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HM66205 Series 


¢ Read Cycle Timing (2) *1. *2, °4 


Address 


Dout 





¢ Read Cycle Timing (3) *1. “3, “4 


CS 








Dout 


NOTES: 1. WE is high for read cycle. COO Not Valid 


2. Device is continuously selected, CS = Vi. 
3. Address should be valid prior to or coincident with CS transition low. 
4. OE = VIL- 


e Write Cycle 


HM66205L-85 HM66205L-10 HM66205L- 12 via 
nit 


Write to Output in High-Z 
Data to Write Time Overlap 


ns 
ns 
Data Hold From Write Time ns 


ns 


Parameter Symbol 

Chip Selection to End of Write tow | m= | — | » | — {| wo | - | ns 

Address Valid to End of Write ww | m3 | — | 9% [| — | wo | — | os 

Wit ule Wit ed 
po | wo fo | es | oe | we 
oe ee i ee I ee 
Ca eae ae Ne a ie 
(a ae ei ee 


Output Active From End of Write 
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HM66205 Series 


¢ Write Cycle Timing (1) (OE Clock) 


Address | 


ce LA aim SX“9“ 
S OX sna MILLE LLLLLLLLL 

















WE Mx 


tonz’5 twp ‘1 
tow tox 


bot 22222 22D» 
Din OK vais XX 








* Write Cycle Timing (2) “5 (OE Low Fixed) 
t 


v\ 


BS WA °»« MLLLLLLLLLLL LLL 


. SS 7 
tas‘3 twHz’5 tou 
<= gE = 3 








tow id *8 
Dout —SSSSSSSSSSSSSSSDSS dA Peeing Cy CES 
oe CLP LLALILAALLLLL ELLA AAA 
tow aan 
: Y : NX VY 
Din OK valid DDD 
NOTES: |. A write occurs during the overlap (twp of a low CS and low WE. , 
2. twr is measured from the earlier of CS or WE going high to the end of write cycle. OOO Not Valid 


3. During this period, I/O pins are in the output state. The input signals out of phase must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, output remain in a high impedance state. 

5. OE is continuously low. (OE = Viz). 

6. Dou should be held in the phase of the written data during this write cycle. 

7. Dout is the read data of next address. 

8. If CS is low during this period, I/O pins are in the output state. The input signals which are opposite to the output level should not be applied to 1/O pins. 
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© Low Vcc Data Retention Characteristics (T, = 0 to +70°C) 


Parameter Symbol 


| Min. | Test Conditions 
Vec for Data Retention | Vpr | 2.0 | 

ae 

aa 


[| Max. S 
Data Retention Current | 4 | 200 | pA | CS = Vin, Vin = OV 
aa 
eee ares 


Chip Deselect to Data Retention Time 


NOTE: 1. trc = Read Cycle Time. 


| ns | See Retention Waveform 


@ Low Vcc Data Retention Waveform 





CS = Voc-.2V 
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HM624100 Series 


1,048,576-Word x 4-Bit High Speed CMOS Static Ram 


@ FEATURES 


¢ High Speed: 
Fast access time 25/30/35/45 ns(max.) (P-version) 
30/35/45 ns (max.) (LP-version) 


¢ Completely static memory 
No clock or timing strobe required 
¢ Equal access and cycle time 
¢ TTL compatible-All inputs and outputs 
e Thin plastic package for high density mounting @ PIN ARRANGEMENT 
HM624100 Series 
@ ORDERING INFORMATION 


Access Time 










HM624100JP-25 


HM624100JP-30 400 mil 32-pin 
HM6241005P-35 SOJ 
HM624100JP-40 (CP-32D) 







OnN Oa hh WN = 


HM624100JLP-30 
HM624100JLP-35 
HM624100JLP-45 


HM624100P-25 
HM624100P-30 
HM624100P-35 
HM624 100P-45 


HM624100LP-30 
HM624100LP-35 
HM624100LP-45 









32-pin 
TSOP (II) 







@ PIN DESCRIPTION 


Pin Name 
Ad-A19 
1/01-1/04 
cs 
WE 
OE 
Vcc 
Vss 
NC 


©@ HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « 


. (CP-32D) 


(Top View) 





Preliminary 








Function 
Address Input 
Data Input/Output 
Chip Select 
Write Enable 
Output Enable 
Power Supply 
Ground 


No Connection 
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@ BLOCK DIAGRAM 


Memory Matrix 


Row 1024 x 1024 


Decoder 


ee 
eeteee ete eee tl 
Column I/O 


Column Decoder 
WWRRRRRK MMW 


Mode Vcc Current 1/O Pin Ref. Cycle 
Deselect High-Z 
Icc | Dout—s| Read Cycle 1, 2, 3 
Write Cycle | 
Write Cycle 2 





Note: X:HorL 


@ ABSOLUTE MAXIMUM RATINGS 


Item Symbol Value Unit 
Voltage on any pin relative to VSS aa -0.5! to +7.0 Vv 


VT 
Power Dissipation a ae Sa | eee 
Operating Temperature °C 
Storage Temperature cc 
Storage Temperature Under Bias °C 


Note: |. Vr min =—2.0 V for pulse width < 10 ns. 
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HM624100 Series 


@ RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to +70°C) 


Supply Voltage 


Input High Voltage 





Input Low Voltage 
Note: 1. ViL min =—-2.0 V for pulse width < 10 ns. 


@ DC CHARACTERISTICS (Ta = 0 to +70°C, Vcc = SV + 10%, Vss = 0V) 


HM624100P | HM624100LP | ! ae 
Item Symbol Unit Test Conditions 


Input Leakage Current See 
Output Leakage Current | tuo | — | 


Boe eo 
CS = VIH 
CS = VIL, hyo = 0 mA, 
150 140 A 
eee elena oe ®), = a (LP) 
5 mA CS = VIH 
Standby VCC Cycle=25 ns. (P), 35 ns. (LP) 
Cc t —— 
ape CS > Vee -0.2V 
OV <Vin $0.2V or 
IsBi ie Vin 2 VCC -0.2V 


eT ere 
Output Low Voltage 
Lae ee, eee 


Operating VCC 
Current 





@ CAPACITANCE (Ta = 25°C, f= 1 MHz) 






Input Capacitance 






Output Capacitance 
Note: |. This parameter is sampled and not 100% tested. 


m@ AC CHARACTERISTICS (Ta = 0 to +70°C, Vcc = 5V + 10%, unless otherwise noted.) 
Test Conditions 


e Input pulse levels: Vss to 3.0 V 

e Input rise and fall times: 4 ns 

e Input and Output timing reference levels: 1.5 V 
e Output load: See Figures 


+5V +5V 
480Q 480Q 
Dout Dout 
2552 30pF* 265Q 5pF* 
Output Load (A) Output Load (B) 


(for teuz: texz, twHza tow) 
* Including scope & jig. 
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HM624100 Series 


@ READ CYCLE 


Item Unit 
Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Chip Selection to Output in Low-Z 
Output Enable to Output Valid 

Output Enable to Output in Low-Z 
Chip Deselection to Output in High-Z 
Chip Disable to Output in High-Z 
Output Hold from Address Change 
Chip Selection to Power Up Time 
Chip Deselection to Power Down Time 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 





@ READ TIMING WAVEFORM (1) 1; 2 


tre 











EF WOO ALLL 
S CY _ HILL 





Dout <0 Ge <') 


@ READ TIMING WAVEFORM (2) 2: 3,5 





Address 








Dout 


@ READ TIMING WAVEFORM (3) 1; 2, 4,5 


ee tacs sf tonz 
teiz 
Dout 


Transition is measured + 200 mV from steady state voltage with Load (B). This parameter is sampled not 100% tested. 


WE is high for read cycle. 
CS is low. pa 
Address valid prior to or coincident with CS transition low. 


E = VIL. 








Notes: 


1. 
2. 
3, 
4. 
5. 


fe) 


@ HITACHI 
298 Hitachi America, Ltd. « Hitachi Plaza © 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 © (415) 589-8300 


HM624100 Series 


@ WRITE CYCLE 


Parameter Unit 
Write Cycle Time 

Chip Selection to End of Write 
Address Valid to End of Write 
Address Setup Time 

Write Pulse Width 

Write Recovery Time 

Output Disable to Output in High-Z 
Write to Output in High-Z! 

Data to Write Time Overlap 

Data Hold from Write Time 

Output Active from End of Write 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 





ns 





a ea ee 
| 
= ZT 
ae. ONIN ca ee A 


ee 
' oa ee = : 





moe To 
A GE ie ee a A tow tox 
Din 
© HITACHI 
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HM624100 Series 





@ WRITE TIMING WAVEFORM (2) & 


Address eee 
e As ALALLLLLLLL 






7 PLUS: is 


tow - 8 
D So LINA\A/ 
our LALPADGL IA Jol 7 eas WYMAA 
Dw DH 


Din aD 400000 


Notes: 1. Transition is measured t 200 mV from high impedance voltage with Load (B). This parameter is sampled not 100% tested. 

2. A write occurs during the overlap (twP) of a low CS and a low WE. 

3, twR is measured from the earlier of CS or WE going high to the end of write cycle. 

4. During this period, I/O pins are in the output state so that the input signals of the opposite phase 
to the outputs must not be applied. 

5. If CS low transition occurs simultaneously with the WE low transitions or after the WE transition, output remain a high 
impedance state. 

6. OE is continuously low. (OE = VIL) 

7. Dout is the same phase of write data of this write cycle. 

8. Dout is the read data of next address. 

9. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs must 
not be applied. 
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HM624100 Series 


@ LOW Vcc DATA RETENTION CHARACTERISTICS (Ta = 0 to +70°C) 


This characteristic is guaranteed only for L-version. 










Test Condition 
Vcc for Data Retention 






Data Retention Current CS = Vcc-0.2V, 
Chip Select to Data Vin 2 Vcc -0.2V or 
Retention Time OV < Vin < 0.2V 






Operation Recovery Time 
Note: Vcc =3.0 V. 


m@ LOW Vcc DATA RETENTION TIMING WAVEFORM 


Data retention mode 








CS >Vpr - 0.2V 
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HM621400 Series 


Preliminary 


4,194,304-Word x 1-Bit High Speed CMOS Static RAM 


@ FEATURES 
* High Speed: 


Fast access time 25/30/35/45 ns(max.) (P-version) 


30/35/45 ns(max.) (LP-version) 


Single 5V supply 
Completely static memory 
No clock or timing strobe required 
Equal access and cycle times 
TTL compatible: All inputs and outputs 


Thin plastic package for high density mounting 


@ ORDERING INFORMATION 


Access Time 


Package 











HM621400JP-25 
HM621400JP-30 






HM621400JP-35 400-mil, 32 pin 
HM621400JP-45 SOJ 
HM621400JLP-30 (CP-32D) 


HM621400JLP-35 
HM621400JLP-45 
HM621400P-25 
HM621400P-30 
HM621400P-35 
HM621400P-45 
HM621400LP-30 
HM621400LP-35 
HM621400LP-45 








32-pin 
TSOP (II) 








(CP-32D) 





@ PIN ARRANGEMENT 
HM621400 Series 


ON DONA FSF WN — 


(Top View) 





@ PIN DESCRIPTION 


Pin Name Function 
AQ-A21 Address Input 
DIN Data Input 
DOUT Data Output 

cs Chip Select 
WE Write Enable 
OE Output Enable 
Vcc Power Supply 
VSS Ground 
NC No Connection 
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HM621400 Series 


@ BLOCK DIAGRAM 














Ao 
AY 
A2 
A3 
Memory Matrix 
Ze ester 1024 X 4096 O Vec 
O Vss 
A6 


A7 


Ag 


Din Column I/O O Dout 





Input 
Data 
Control 






O O O O O O O O O O O O 
A10 A11 A12 A13 A14 A15 A16 A17 A1g A1g Ago Aa1 





cs 
WE 
OE 


@ FUNCTION TABLE 
Ref. Cycle 


Read Cycle 1, 2, 3 
Write Cycle | 
Write Cycle 2 





Note: X: H or L 


@ ABSOLUTE MAXIMUM RATINGS 


item Unit 
Voltage on any Pin Relative to VSs Vv 
Power Dissipation Ce W 
Operating Temperature °C 
Storage Temperature zs 
Storage Temperature Under Bias °C 


Note 1. VT min. = ~2.0V for pulse width < 10 ns 


m@ RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to +70°C) 










Item 


Supply Voltage 






Note 1. VIL min. = -2.0V for pulse width < 10ns. 
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HM621400 Series 





® DC CHARACTERISTICS (Ta = 0 to +70°C, Vcc = 5V + 10%, Vss = 0V) 


HM621400P HM621400LP 


Symbol Unit | Test Conditions 


Vcc = Max. Vcc = Max. 
Input Leak Cc t ILI 2.0 2.0 
peli ae sear } tut | — | —] 20] wa | Vin = Vss to VCC | — [=| 20] Vin = VSs to VCC 
Output Leakage C t I 2.0 2.0 
spy Lenka Core 9) INL) =| =[20[ Vyo = Vss to Vcc ML wu0 = Vss to Vee 
: CS= VIL, lWo=0mA CS = VIL, Wo=0mA 
4 A 
pikes Ae sel [sce | — | — || ma | Cycle = 25 ns BEE Cycle = 30 ns 
CS = Vin CS = Vin, 
, A 
} tse | —| —| @ | ma joa] Cycle = 25 ns | — | =| ° Cycle = 30 ns 
Standby Vcc Current CS = Vcc -0.2V CS = Vcc -0.2V 
ISB mA | OV < Vin <0.2V or mA | 0V< Vin <0.2V or 
Vin = Vcc -0.2V Vin 2 Vcc -0.2V 


Ouipie Va | vo | —|—[o4s]v | tor=sma_ | —{ —| 04] v | tor=8ma 
EB a RE ae 


@ CAPACITANCE (Ta = 25°C; f = 1 MHz) 


Item 










Test Conditions 


Input Capacitance 





Input/Output Capacitance 


Note 1. This parameter is sampled and not 100% tested. 


m AC CHARACTERISTICS (Ta = 0 to +70°C, Vcc 5V + 10%, unless otherwise noted.) 
Test Conditions 


¢ Input pulse levels: Vss to 3.0V 

¢ Input rise and fall times: 4ns 

¢ Input and Output timing reference levels: Input 1.5V 
Output 1.5V 

¢ Output load: See Figures 


Output Load (B) 


eulpunioed i) (for toHz. twuz, tow, nee 


+5V 


4802 
Dout Dout 
255Q 30pF* 2552. 


Note: * Including scope & jig. 


@ READ CYCLE 
HM621400-25P HM621400-35P/LP] HM621400-45P/LP| 7” 
i eee Min | Max | Min | Max | Min | Max a 
Read Cycle Time =e ee ae ee ee ee Ee ee a 
Address Access Time 9 Sa Dae ea De ee ee 
Chip Select Access Time |_tacs_ | ~~ | 25 | —-| 30 | ~ | 35 | — | 45 | os 
Chip Selection to Output inLow-Z | tcuz*! | 5 | — [| s | —| 5 | —~] 0 | — | os 
Output Enable to Output Valid tOE epee dO: eee ea es 1 een | | ns 
Output Enable to Output inLow-Z | torz*! | o | ~ | o [| ~{| o | ~j] o | ~| nos 
Chip Deselection to Output inHigh-Z| tcuz*! | o | 10 | o {| to | o [ 15 | o | 5 | os 
Chip Disable to Outputin High-Z_—|_tonz*! | o [| io | o | 10 | o | 15 | oO | 35 | ns 
Output Hold from Address Change | ton | 5 | — | 5 [| — | 5 | —~| 5 | — | ns 
Chip Selection to Power UpTime_ | wu __ | o | — | o | ~{[ o | ~] o | —| os 
ChipDesdeoion oPonerDowa Tine [two] — LL — 1 Lt eb — be Lo 
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HM621400 Series 





@ READ TIMING WAVEFORM (1)*1; *2 














EF Ws AWE. 
5S CH _ AUT 








Dout OD? KD 


l™@ READ TIMING WAVEFORM (2)*2; *S, *5 








Address 








Dout 


m@ READ TIMING WAVEFORM (3)"1, *2, “4, *5 


ie tacs es tcHz 
toLz 
Dout 


Transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 
WE is high for read cycle. 

CS is low. 

Address valid prior to or coincident with CS transition low. 

OE = VIL. 









Notes: 


wbWN> 
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HM621400 Series 


@ WRITE CYCLE 

a ie 
cai esl rea 
Wie Cycle Tine Te a Be 


Chip Selection toEndof Write | tcw_ | 15 | — | 20 | — | 25 | — | 35 | — | ns | 
Address Valid to End of Write | taw | is | — | 20 | — | 25 | — | 35 | — | te | 


Address setup Time ee Oe ee ee ee ee ae 
Write Pulse Width j ewe | tS | | 20 | 5 as ne 
Write Recovery Time WR OL] | of 5 fo |e 
Output Disable to Output in High-Z | towz"> | o | 10 | o | 10 | o | 15 | o | 15 [ns | 
Write to Output in High-Z | wrz"s | o | io | o | io | o [| is | o | 15 | ns | 


Data to Write Time Overlap i ee ee ee eee 
Data Hold from Write Time | no | ~ | of ~ fo | Kf oT RK | 
Ouput Active fromEndof Write | _tow_| o | —[ o | — | o | ~] o | —J os | 


@ WRITE TIMING WAVEFORM (1) (WE Controlled) 
two 
Address 









xs \AANAS PITTA T ITT 


WE = a, 


ee 







Din CIRO € Data In Valid } QOD 
7722... High Impedence 2-7 
Dout CNN NO NN NENA A aN 
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HM621400 Series 


@ WRITE TIMING WAVEFORM (2) (CS Controlled) 
twe 





Address 





on (XXXXXXXXXXXM_ oe invais KXXKXXX 


Dout High Impedence *3 





Notes: 1. A write occurs during the overlap (twp) of a low CS and a low WE. 
2. TWR is measured from the earlier of CS or WE going high to the end of write cycle. 


3. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, output remain in a 
high impedance state. 

4. Dout is the same phase of write data of this write cycle. 

5. Transition is measured + 200 mV from high impedance voltage with Load (B). This parameter is sampled and not 100% tested. 
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HM621400 Series 


@ LOW Vcc DATA RETENTION CHARACTERISTICS (Ta = 0 to +70°C) 


This characteristics is guaranteed only for L-version. 







Test Conditions 





CS = Vcc -0.2V, 
Vin 2 Vcc -0.2V or 
OV < Vin £ 0.2V 


Vcc for Data Retention 
Data Retention Current 
Chip Select to Data Retention Time 
Operation Recovery Time 
Note: 1. Vcc = 3.0V. 







lm LOW Vcc DATA RETENTION TIMING WAVEFORM 


Data retention mode 





cs aE 
CS 2>Vpr - 0.2V 
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Section 3 


Cache Static RAM and | 
Fast SRAM Modules 


© HITACHI® 


HM62A168, HM62A188 Series 


Direct Mapped 8,192-Word x 16(18)-Bit/ 2-Way 4,096-Word x 16(18)-Bit Static Cache Memory 


@ DESCRIPTION 


The Hitachi HM62A168/188 is a high speed 
128(144)-k Cache memory organized as 2-way set 
associative 4k x 16(18) or direct mapped 8k x 
16(18). 

By using two HM62A168/188 can be achieved 
high performance 32-bit microprocessor system. 
The HM62A168/188, packaged in a 52-pin PLCC is 
available for high density mounting. 


m@ FEATURES 
¢ Single 5V supply and high density 52-pin PLCC 
package 
¢ High speed 
Access time: 25/30/35 ns (maximum) 
© Directly TTL compatible 
All inputs and outputs 
e Address latch 
e Pin programmable for 8k x 16(18) or 2-way 
4k x 16(18) 


@ ORDERING INFORMATION 


Access Time 





Package 







HM62A 168CP-25 
HM62A 168CP-25R 
HM62A 168CP-30 
HM62A 168CP-35 
HM62A 188CP-25 
HM62A 188CP-25R 
HM62A188CP-30 
HM62A 1 88CP-35 
HM62A I68BCP-25* 
HM62A 168BCP-35* 
HM62A 188BCP-25* 
HM62A 188BCP-35* 
*Please see note 6 







52-pin PLCC 
(CP-52) 












NCDPo {J 20 


21 22 23 24 
oom rs 


Voc GSq CWEA Vsg COEB MODE Voc 
Voc CWEB Vgs COEA ts, Voc 





m@ PIN DESCRIPTION 


Pin Name 
CALEN 
MODE 
Ao-Al2 
CSo, CS1 
COEA, COEB 
CWEA, CWEB 
1/O0-1/015 
CE 
NC 
DPo, DP} 
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25 26 27 28 29 30 31 32 33 


(Top View) 





34 {j NCDP 





Function 
Cache Address Latch Enable 
Mode Select 
Address 
Cache Chip Select 
Cache Output Enable 
Cache Write Enable 
Data Input/Output 
Cache Chip Enable 
No Connection 


Parity Input/Output 


HM62A168, HM62A188 Series 


®@ BLOCK DIAGRAM 
* Topology Two-Way Set Associative (MODE = Logic high) 


COEA 


CWEA 





AO 
1/00 to 1/015 (DPO, DP1) 


Al1 
CALEN 


COEB 
CWEB 
CE 
CSO 
CS1 


* Topology Direct Mapped (MODE = Logic low) 


COEA 
COEB 
CWEA 
CWEB 
Ai2 
Ao 


Att 
CALEN 
CE 
cso 


1/00 to 1/015 (DPO, DP 1) 





CS1 
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Signal Description 


Signal Name 


A0-A6 
A7-All 
Al2 


CALEN 


1/O0-1/015 


MODE 


CSo, CS1 


COEA, COEB 


CWEA, CWEB 


DPo or NC 
DP or NC 


Vcc 
Vss 


Pin Number 


8-2 
51-47 
46 


52 


11-14, 16-19, 
35-38, 40-43 


31 


23, 30 


45 


28, 29 


25, 24 


20 
34 


1, 21, 22, 32, 33 
9, 10, 15, 26, 27 
39, 44 


HM62A168, HM62A188 Series 


Signal Description 


Address inputs to the memory array. AO-A11 are latched on the falling edge of CALEN. 


A12 address input. In the two-way mode, address input A12 will be a‘‘don’t care” and 
should be externally wired to ground. 

In the direct-mapped mode. When MODE is connected to VSs, A12 selects which of 
the two 4K x 16(18) banks is read from or written to. A12 is not latched by CALEN, as 
are the other address inputs. 


Cache Address Latch Enable input. This signal controls the internal address latches for 
inputs Ao-A1 | When CALEN is high, the latch is transparent. The falling edge of 
CALEN latches the current address input levels. A12 is static and is not controlled 

by CALEN. 


Data inputs and outputs. These are the three-state lines that provide data access to the 
memory array. 


MODE input. This signal controls whether the memory device is to be used in a direct- 
mapped configuration (8K x 16(18)). When the MODE signal is high, the device is 
placed in the two-way mode. When the mode input is low, the cache is in the direct- 
mapped mode. Tnis is a hard wired strap option and must not be changed dynamically. 


Cache Chip Select inputs. These active low signals selectively enable the two bytes of 
memory. CS0 low enables bits I/O9-1/O7 and DPo. CS1 low enables bits 1/Og-1/015 
and DP}. This applies to both the direct-mapped and two-way modes. 


Cache Chip Enable input (active low). This signal functions as a global chip enable. It 
gates the COEA, COEB, CWEA, and CWEB inputs. A chip enable controlled write 
can be done by taking CE inactive high while one of the CWEX signals is active 
(assuming all other timings for a write cycle are met). 








Cache Output Enable inputs. These active low input enable cache bank A or bank B to 
drive the data bus when in the two-way mode. In the two-way mode, bank A is enabled 
when COEA is low and bank B is enabled when COEB is low. If both banks are 
activated at the same time, then both banks become deselected. 

In the direct-mapped mode, COEA and COEB must be tied together externally. A low 
on COEA and COEB then enables the outputs of the 8K x 16(18) memory. A12 is used 
to determine which 4K x 16(18) bank is accessed. 


Cache Write Enable inputs (active low). In the two-way mode when CWEA (CWEB) 
is active, data is written into memory bank A (B). 

In the direct-mapped mode, CWEA and CWEB must be tied together externally. A low 
on CWEA and CWEB enables data to be written into the 8K x 16(18) memory. A12 is 
used to determine which 4K x 16(18) bank is accessed. 


Parity data inputs and outputs (HM62A 188). These are three-state lines that provide 
parity data access to the memory array. 

For the HM62A 168, these two pins are not used (NC) and must not be physically tied 
to VCC, VSS, or any other device inputs. 


System Power +5V. (21, 22, 32, 33 are for outputs) 
System Ground. (10, 15, 39, 44 are for outputs) 
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HM62A168, HM62A188 Series 


@ FUNCTION TABLE 
Two-Way Mode (Mode = High) 2-4K x 16(18) 








CE | CSo | CSi1 | COEA | COEB | CWEA | CWEB Function 
Hl Disabied 
xX Disabled 
xf x | x] a | a [x | x | fiighz | High | OuputHigh-Z 
x Output High-Z 
c{ it] al] £ | 4 | 8 | 8 | Oupm | Highz | Read WayA 
cp. ] aw] a |< | 8 | 8 | Oupm | Highz | Read WayB 
cpu] o.l ct | 8 | 4 | H | Highz | Owpu [Read Way A 
cpa] it, a |. | 4 | | Hignz | Ompu | ReadWayB 
cpu tty tf a [a [a | Outpt | Oupur | Read Way A 
cpu} cy aw | tf a | 8 | Outpar[ ouput [Read Way B 
c{ te] al] x | x | t | # | Inu | Highz [Write Waya 
cp. pw] x [x | a || tnpur [High [ Write Way 8 
c[atpulx |x | 2 | w | fignz | tapu | Write Way A 
L{ wu] ot{ x |x | Hw | 4£ | Highz | Inpu | Write WayB 
cpu. tey x | x | 2 fw [inp] Inpu _[ Write Way A 
cya}. x | x |e | & [inp | tnpur [Write Way 
cpt, ul x |x | 2 [ & | inpw | High2 | Write Way A&B 
c>e pil x | x [2 | £ | fighz | Inpu | Write Way A&B 
rpepey x | x | 2 [© [tmp [| tmpur | Write Way A&B 


Direct Mode (Mode = Low) 8K x 16(18) 








































CWEA Function 

Disabled 

Twp wp x [x [x |x| High | High-z_[Disabied 
Gutput HighZ 
a 
Pe ghz mp __| 
pt tpt 
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HM62A168, HM62A188 Series 


@ ABSOLUTE MAXIMUM RATINGS 


Item Unit 
Voltage on any pin relative to VSS Vv 
Power Dissipation (cea ea oa YS Ww 
Operating Temperature Range °C 
Storage Temperature Range a a ae ee °C 
Storage Temperature Range Under Bias °C 


Note: 1. Vin min = -2.5 V for pulse width < 10 ns. 


m@ RECOMMENDED DC OPERATION CONDITIONS (Ta = 0 to +70°C, exceeding minimum air flow requirement) 
Parameter 


Supply Voltage 


Input High (Logic 1) Voltage 





Input Low (Logic 0) Voltage 


Note: 1. Vcc min =4.75V and Vcc max. = 5.25V for HM62A 168/188-25/25R/30. 
2. VIL min =-2.0V for pulse width < 10ns. 


@ DC CHARACTERISTICS (Ta = 0 to 70°C, Vcc = 5V + 10%*!, Vss = OV, exceeding minimum air flow requirement) 


Parameter Test Conditions 
Input Leakage Current [| [ij [| — | — | 20 | nA | Voc=Max. Vin=Vss to Voc 


Output Disable 
Active Operating Vin - Vss/VCC, Iyo = 0 mA, 
Power Supply Current Icc 220 mA 2X Min. Cycle, CE, CS = VIL Max., 
CALEN = V]H Min. 


Ouiput Low Vohage ee a a fou =4 mA 
Output High Votge | Von | 24 | — | — | v_ fou =—I.0mA 


Notes: 1. Vcc = 5V £5% for HM62A 168/188-25/25/25R/30, HM62A 168B/188B-25. 
2. Typical limits are at VCC = 5.0, Ta = +25°C and specified loading. 


@ CAPACITANCE (Ta = 25°C, f= 1 MHz.)*! 


Parameter Test Conditions 


Input Capacitance 
Input/Output Capacitance Vi/O = OV 
Note: 1. This parameter is sampled and not 100% tested. 
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HM62A168, HM62A188 Series 


@ AC CHARACTERISTICS (Ta = 0 to 70°C, Vcc 5V + 10%, unless otherwise noted.) 
Test Conditions 


Input pulse levels: Vss to 3.0V 

Input rise and fall times: 3ns 

Input and Output timing reference levels: 1.5V 

Output load: See figures 

Exceeding minimum air flow equipment: See air flow requirements 


+5V +5V 
480Q 480Q 
Dout Dout 
255 30pF* 255Q 5pF* 
Output Load (A) Output Load (B) 


* . ee 
Including scope & jig. (for tcHz, torz, twHz & tow) 


Note: 1. Voc =5V + 5% for HM62A168/188-25/25R/30, HM62A 168B/188B-25. 


@ READ CYCLE 
Parameter Symbol HM62A188/B-25 | HM62A188-25R | HM62A188-30 | HM62A188/B-35 | Unit | Note 
sme fs Max | Min | Max Max on 
Read Cycle Time wc | 25 | — [| 25 [| — | 30 | — [35 | — | os | 
Address Access Time | tsa | — [| 25 | — | 25 | — | 30 | — [ 35 | os | 
A12 Address Access Time Po tar | —] 7] —] 7 | — | 2 | — 4] 25 J os | 
Chip Select Access Time | ts | — | 2 [| —~ [ 2» [ — {[ 2 | — | 25 | os | 
Chip Enable Access Time | te | — | 2 | — {| 2 | —~ | 2 | —[ 25 | os | 
CALEN High to Output Valid | ua | — | 2 | — | 2 | — | 30 | — | 35 |] ns | 
Output Enable to Output Valid | tor | — | 10 | ~ [| oo | ~ | ee | — | 3 | os | 
Output Hold from Address Change tox | 3 | —~ {| 3 | — | 3 | —~ |] 3 | ~— J] os [2 
Chip Select to Output Low-Z p uz | 3 | ~}| 3 | —~}] 3 | ~| 3 | — |] 1s [3 
Chip Enable Low to OutputLow-Z | uze | 5 | —[ 5s | — | 5 | —| 5s [| — | ns [3 
Output Enable to OutputLow-Z |_torz_ | 2 | — | 2 | — | 2 | —~ | 2 | — | os | 3 
Chip Deselect to Output High-Z tz | — | is | — | is | —[ ts | — | 25 | as | 3 
Chip Enable High to Output High-Z_ | taze_ | — | 15 | — | 1s | — | 1s | — | 25 | ns | 3 
Output Disable to Output High-Z | tonz_| — | 10 | — | 10 | ~ | 1 | ~ J 4 | os | 3 
Address Latch Enable Pulse Width | tcaren | 8 | — | 8 [| — | 8 | — | 10 | — | os | 
Address Setup to Latch Low | wasn | 4 | ~[ 4 f—[4{[—T] 6 [ —J as | 
Address Hold to Latch Low | tan | 5 | ~| 5 |— |] 5 | ~|]{ 5 | — |] 2s | 
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HM62A168, HM62A188 Series 


@ READ TIMING WAVEFORM (1) (CWE = High) 


tac 
ee 3 





tCALEN 


CALEN 
tas. taHL 


(AQ-A11) Adresses Valid Rha 








Ai2 Ai2 CAi2 (Unlatched) Valid > CAi2 (Unlatched) Valid > 


: Tm: = 7 
wn WM = 4 ee 


- Rann a 77177777 


tLZe 
Bout a Tw ae Uy, a 


ton 








Notes: 1. tLA is applied to the case that address is valid before CALEN goes high. 
2. tOH is determined by the earliest of CALEN going high, valid addresses AQ-A1] transition with CALEN high, or 
A12 transition. 
3. Transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 
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HM62A168, HM62A188 Series 


™@ WRITE CYCLE 
Parameter Symbol HM62A 188/B-25 | HM62A188-25R | HM62A188-30 |HM62A 188/B-35] Unit | Note 
Ea Min | Max | Min | Max Max pM uae 
Write Cycle Time | twe | 25 | — [ 2 | — | 30 | — [ 35 | — J ns | 
Address Valid to End of Write ame) ed Di a ee a eee ie 
A12 Valid to End of Write | taiw | ig | — | is | — | is | — | 2 | — |] aos | 
Chip Select to End of Write oo stews 1 18s |) ef 8 i fs, ea | 
Data Valid to End of Write | ww | io [ — | 1 | — | 1 [ — | 10 | — | os | 
Data Hold from End of Write wy | o | —{| o | —[ o [| — | o | — | ns | 
Write Enable Active to High-Z | twuz | — {| 15 | —} is | —[ is | — {| 15 | os [ 5 
Write Enable InactivetoLow-Z_{|_twiz_ | 3 | — [| 3 | — | 3 [ — [ 3 [ — [ os [5 
Write Pulse Width we | 15 | — | 15 | — | 18 | — | 2 | — | ns | 
eee le fe f—Pst—[e[-[=[—[« 
Controlled Write a 
Address Setup Time | us | o [| —| o | —~| o | —~| o | —|] os | 2 
Write Recovery Time [SiR te) 90 Pee | | ee et ee et 
Address Latch Enable Pulse Width | tcaten | 8 | — [| 8 | — | 8 | — [ 10 [| — [ nos | 
Address Setup to Latch Low | ts. | 4 {[ —[ 4]—]4]—!] 6 | —/] no | 
Address Hold to Latch Low | tm | 5 | —| 5 | —| 5 | —]j{ 5 | — | os | 
Chip Enable Low toOutputLow-Z_ | torz | 2 | — | 2 [ — | 2 [| — [ 2 [ — [ os | 
Output Disable to Output Hig-Z |_—tonz | — | 10 | — | 10 | —~— | 1 | —] 10 | os | 
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HM62A168, HM62A188 Series 


@ WRITE TIMING WAVEFORM (1) (WE Controlled) 


twe 
a —— 





tCALEN 


CALEN 
tasi -! tAHL twr 


ge Se 5 
Addresses Adresses Valid Cle = ® 
(A0-A1 1) 








ne a At2 (Unlatched) Valid FY 


tas 


taiow 





taw 


= WO" (TMT 
os WW TNT 


ease V 
CWE KX twiz 











aa: 





= 
uU 


EE Mam LOLOALOLOLOALOLOOAZOLOOASOLOOLONLOLOLO AA 





bin we DK_data vais KS 
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HM62A168, HM62A188 Series 


@ WRITE TIMING WAVEFORM (2) (COE = High, CE Controlled) 























Ackirsses & aly 

re =p 

aaa I MUL 
ze WY. W777 








Din A Data Valid 
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HM62A168, HM62A188 Series 


@ WRITE TIMING WAVEFORM (3) (COE = High, CS Controlled) 


twe 
- 8 cae 
kes XK eesenver KD 
t 


Adresses Valid 
(A0-A11) 


7 rp Ai (Unlatched) Valid = 
i AANA AAPA PAP 
650,081 bales peered 


twe 


we  \\\\\\\AAA AA 7/// 


tow toH 


WC 
taw twr 


> 








Din High-Z High-Z 


Notes: !. tAW is measured from the later of CALEN going high, or addresses AQ-A1 | transition with CALEN high to the end of 

write cycle 

2. tAS is measured from the latest of CALEN going high, addresses AQ-A11| transition with CALEN high, or address A12 
transition to the beginning of write cycle. 

3. twp is measured from the earliest of CSo, CS1, CE, or WE going high to the earlier of CALEN going high, or address 
A12 transition. 

4. A write occurs during the overlap of a low CSo or CS}, a low CE, and a low WE. 

5. Transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 

6. Dout is not the same phase of write data of this write cycle. Normal read cycle shall be used for write verify. This does not 
apply to the HM62A168B and HM62A188B. 
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HM62A168, HM62A188 Series 


@ AIR FLOW REQUIREMENTS 


( 
! 
' 
Ta = 70°C 
7 
Memory cycle time 
for 385/386 system 


He ee ap ee 


Minimum Air Flow 4 
Requirement (m/s) 


1 
| 
1 
i} 
i} 
i} 
1 
i} 
1 
rT 
‘ 
’ 
i} 
i} 
i} 
1 
1 
i} 
+ 


Ta = 40°C 


fp oe ae PTE Pg) ee ee Se dl 





25 50 75 100 


trcor twc (ns) 
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HM62A932 Series 


32k x 9 Data Cache RAM 


@ DESCRIPTION 


The Hitachi HM62A932 is a high speed 288-kbit 
synchronous static cache RAM optimized for use in 
secondary caches for 32-bit microprocessor 
system. This RAM has a 32-kword x 9-bit organiza- 
tion for building a 32k x 32-bit cache data array, 
with byte parity by using four of these chips. The 
HM62A932 is available in a 44-pin PLCC for high 
density mounting. 


m@ FEATURES 


32-kword x 9-bit organization 

Synchronous read and write 

internal burst read/write address counter 
Self-timed write 

Matches timing of 50 MHz 32-bit micro processor 
Additional address strobe input for implementing 
extended burst 


@ ORDERING INFORMATION 


CPU Clock Rate 








Package 


HM62A932CP- 14 
HM62A932CP-19 
HM62A932CP-24 
HM62A932CP-34 


44-pin 
PLCC 





Preliminary 





(CP-44) 


@ PIN ARRANGEMENT 
HM62A932 Series 


__ADSC__CLK 
A, A; ADV ADSP — \oo Ay Ag Ag Ato 


6 5 4 3 2 1 44 43 42 41 40 








Ku 18 19 20 21 22 23 24 25 26 27 28 
se os cs os oe ne 


03 Voc CE C8, 
Veg WE Veg CSp Og 





Vss 


(Top View) 


@ PIN DESCRIPTION 


Pin Name Function 
CLK Clock Input 
ADSP Address Status Input from MPU 
ADSC Address Status Input from the Cache Controller 
CSo, CS} Complementary Chip Select Input 
Ao-Al4 Base Address Input 
ADV Synchronous Address Advance Input 
WE Synchronous Write Enable Input 
OE Asynchronous Data Output Enable Input 
1/Oo0-1/07, 1/08 Input/Output Data Pin 
NC No Connection 
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HM62A932 Series 


@ BLOCK DIAGRAM 


/00-1/08 


8-kword x 9-bit 


- 


|___! Write Selector 
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HM62A932 Series 


@ FUNCTION TABLE 


Table 1. Synchronous Operation 


| 
| 
| 
| 


a 


I/O Pin Function 
High-Z Disable 
High-Z Disable 
Latch Base Address Read Address 


Latch Base Address Sample Write Data 
Start a Self-Timed Write 


CSo 


‘?) 
2 
> 
je 
A 
~ 
> 
o 
D 
a) 
> 
iw) 
=< 


xolyo jo] xo ft) xo [ciel x 


Output Latch Base Address Read Access 
Sample Write Data Advance Burst Count 
Start a Self-Timed Write 
Output Advance Burst Count Read Access 
Input Start a Self-Timed Write 
Output Read Access 


X = Don’t care, H = High, L = Low, High-Z = High Impedance 


Table 2. Asynchronous Output Control (See Notes 2 and 3 Below) 


1/0 Pin 





Notes: 1. Two separate address strobe inputs are provided and both will load a new base address. ADSP, from the MPU will override 
all other functions and cause a read access to the base address. ADSC, from the controller, is affected by WE if ADSP is 
inactive, and ADSC will start either a read or write cycle to the base address. 

. The CSo and CS] inputs are sampled with the addresses when ADSP or ADSC is sampled active. Only if CSo and CS} are 
sampled active will WE or OE affect the chip. 

. Any time WE is active when ADSP is inactive, a self-timed write will start. 

. During data read cycles, data is always presented asynchronously with clock after OE becomes low. 

. If the asynchrous OE signal is activated during a self-timed write cycle, I/O pins will be in High-Z state. 

. OE must not be driven by any controller when setting up for a write cycle, since the data collision would corrupt the write data. 

















nN 





Ramah wW 
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HM62A932 Series 


Pin Description 
CLK Clock input signal. It samples all of the input signals except OE. 


ADSP Address status input signal from MPU. When activated, a new “base” address is latched and an internal read access is 
performed. All other synchronous inputs are ignored when it is sampled active. 


ADSC Address status input signal from the cache controller. When activated, a new “base” address is latched. Used during 
extended burst, and write-back cases when the cache controller must tell the device what addresses to access. 


CSo, C31 Complementary chip select input signals. These are sampled along with the addresses when ADSP or ADSC is 
sampled. For any read/write or data bus activity to occur, CSo must be sampled high and CS; must be sampled low. 


Ao, Al4 Base address input signals. They are sampled when ADSP or ADSC is active. AQ-A14 may change after ADSP or 
ADSC samples them. Aj and Ao are latched and modified by the internal burst counter which XORs the bits in a 
certain burst order. 


ADV Address advance input signal. When ADV is sampled active, and ADSP and ADSC are both sampied inactive, ADV 
will increment the burst counter prior to a read or write access. If ADV and WE are sampled active, the address will 
be incremented before a self-timed write starts. If ADV is sampled active with WE inactive, the address will be 
incremented before a read access starts. 


WE Write enable input signal. When WE is sampled active and ADSP is sampled inactive, a self-timed write will start. 
When WE is sampled inactive, a self-timed write will start. When WE is sampled inactive, a read access will start. 
Active WE with ADSC active will cause a write to occur. 


OE Asynchronous data output enable signal input. When active, the I/O pins will be driven will be driven with the read 
data available inside chip. OE activated while an internal self-timed write is in progress will cause the I/O pins to 
be High-Z. OE must be activated while an internal self-timed write is in progress will cause the I/O pins to be 
High-Z. OE must be inactive with enough margin before a self-timed write is started to guarantee that no data bus 
contention occurs. 


1/Oo, 1/08 Input/Output data pins. 


lm FUNCTIONAL DESCRIPTION 


This cache RAM contains both data and address edge triggered latches to perform high speed synchronous accesses. These latches, 
combined with internal self-timed write logic, allow the write decision to be postponed until it is known that a write must be done. 

An internal burst address counter is provided to support burst read and burst write cycles. The counter sequences through the four 
internal bytes on the rising edge of the clock when input is sampled active. If the device reaches end of the normal burst sequence, the 
counter will wrap-around to the initial base address. 

The rules for handling the low order address bits during a burst sequence is shown here (the low order address bits): 


Initial access: Use base address provided with ADSC or ADSP 
Next burst access: Invert only base address Ao 
Next burst access: Invert only base address A} 
Next burst access: Invert only base address A1—AO 
Next burst access: Wrap-around, use initial base address 
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m@ ABSOLUTE MAXIMUM RATINGS 


HM62A932 Series 


Item Unit 
Voltage on any pin relative to VSS Vv 
Power Dissipation Ww 
Operating Temperature Range °C 
Storage Temperature Range Under Bias °C 


Note: 1. VT min = —2.5 V for pulse width < 10 ns. 


m@ RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to 70°C) 







Parameter 





Supply Voltage 


Input High (Logic 1) Voltage 








Input Low (Logic 0) Voltage 
Note: 1.  VitL min =—2.0V for pulse width < 10 ns. 





@ DC CHARACTERISTICS (Ta = 0 to 70°C, Vcc = 5V + 10%, VSS = OV) 


HA Vcc = Max., Vin= VSS to VCC 


Parameter 
Input Leakage Current 


Test Conditions 


. 
ae a ae ee 
‘Active Operating Power 
Supply Current = p= | = | me fom es 
OutputLow Voltage | Vor | — | — | 04 | v_| IoL. =3.2mA 
Output Fgh Voltage 7 ee jon =2.0 mA 


Note: 1. Typical limits are at Vcc = 5.0V, Ta = +25°C and specified loading 


Mi CAPACITANCE (Ta = 25°C, f = 1 MHz)*! 


Test Conditions 





Note: 1. This parameter is sampled and not 100% tested. 
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HM62A932 Series 


m AC CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0 to 70°C) 


Test Conditions 


e Input and Output timing reference levels: 1.5V 
® Input pulse levels: Vss to 3V 

¢ Input rise and fall times: 3ns 

® Output load: See figures 


Dout 


Parameter 


Read Cycle Time 

Clock Pulse High 

Clock Pulse Low 
Address Setup Time 
ADS Setup Time 

Output Select Setup Time 
Address Hold Time 

ADS Hold Time 

Chip Select Hold Time 
Input Data Setup Time 
ADV Setup Time 

Write Enable Setup Time 
Input Data Hold Time 
ADV Hold Time 

Write Enable Hold Time 
Clock to Output Valid 


Output Enable Low to Output Valid 
Output Enable Low to Output Low-Z 
Read Data Hold After New Clock 
Output Enable High to Output High-Z 


System Clock Skew 
Frequency 
Notes: 


§72Q 


5V 5V 


11802 1180Q 


Dout 
100pF* 


572Q 5pF* 


Lf, 


Output Load (A) Output Load (B) 


* Including scope & jig. (for torz a tonz) 


HM62A932-19 

Min | Max | Min | Max | Min [| Max 
|_«yc | 2 | — | 3 | — | 39 | — [| @ | —| 
| tu | 8 | — | 95 | —[ uu [ — {fo wf —| 
(ee ee a ae ee ee ee ee 
tase 8 es de 
| tapss | 3 | — | 3 [ — [os [| — [ 5 | —] 
ee an ee ee ee ee ee 
Ee ae a ae ee es ee ee 
| tansy | 2 [| — | 2 | — [| 3 | —[ 3 [{ —| 
| _wsw | 2 |] —| 2] —]|] 3 [| —-| 3 { | 
ts | 3 | — | 3 | — [ 5s | — | 5s | —| 

| _tapvs | 3 | — | 3 | —[ 5s | —[ 5 | —| 
| twes | 3 | — [ 3 | —[ s [ —J[ os | —] 
| wm | 2 | — | 2 {| —/]| 3 | —~ | 3 | —| 
| tapva | 2 [| — [| 2 | — [| 3 [| —[ 3 | —] 
tweH | 2 | — | 2 | —[ 3 | —| 3 | —'| 
| «p | —|}| «{[—{ 09 | —~| ~~ | — | 34] 
| ton of — | 7 | — | 8 | — | 9 | — |] 10] 
| torz"2 | oo | — | o | —~ | o | —~][ of —| 
| we | 3 | — | 3 | —~ | 3 | —~[ 3 | —] 
tonz*2 [| — { 7 | — | 8 | — | 9 [| — | 10 | 
a a ae ee eS ee 
ee eee ae ee ee ee ee ee 


!. Transition is measured + 200 mV from steady state voltage with Load (B). 


2. This parameter is sampled and not 100% tested. 


@ HITACHI 


328 Hitachi America, Ltd. © Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


ce 
2. 


Ss 
fam) 
N 


HM62A932 Series 


@ TIMING WAVEFORMS 
(1) Read Cycle Followed by Burst with Wait State Added to Data C 


toyc 


CLK tcH \ tot 

. abe 
tcss es 

a Van 

wm EOC 





ADV 





OE 
| toc 
—_— er 
ve we 1 
i 4 | ‘BKK oc MU 
Data Out i 4 | vn 


WW a, Yt 


A-Data from Base ADDR 

B-Data from Base ADDR except Ao is now Ao 

C-—Data from Base ADDR except Aj is now A] 

D-Data from Base ADDR except Ao and A] are now Ag and Aj 


Note: 1. If ADSP or ADSC goes low during a burst cycle, a new address will be loaded, and another burst cycle will be started. 
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HM62A932 Series 


(2) Write Cycle Followed by Burst Write with Wait State Added to Data C 


CLK 
tapsH 
ADSP 


tas 


toh U i. 6 Gare 2) 
mE MEAG TER BS ES 
inv ee 


taDSH 


Daan © eee Cl Clan lato ace 


tonz 


A-Data to be written to Base ADDR 

B--Data to be written to Base ADDR except AQ is now AO 

C-Data to be written to Base ADDR except A1 is now A] 

D-Data to be written to Base ADDR except AO and Aj are now Ag and A} 
E-Data to be written to new Base ADDR loaded by ADSC 
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HM62A932 Series 


(3) Burst Mixed Read/Write Cycles 
CLK 


ADSP 


ADSC \ / 


shi ) 


twes | tweH 


Ne A AS 


tapvs H tADVH 
PT 
Av A NEN N 
V 
tos | tb 
bata mew 8) we {wo We) Wr) 


Data Out 

















RA-Data from Base ADDR 

WA-Data to be written to Base ADDR 

WB-Data to be written to Base ADDR except AQ is now Ao 

WC-Data to be written to Base ADDR except A| is now AI 

WD-Data to be written to Base ADDR except Ag and Aj are now Ag and Al 
WE-Data to be written to new Base ADDR 

WF-Data to be written to new Base ADDR except Ao is now Ao 
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HM62A932 Series 


(4) Sequencial ADSP/ADSC Cycles 


CLK 
tapss 
_ feel | 


ADSC 


ry 
hod Ok AR 
oa — 


: 79 Tu 
= 77 Wana 
_—¥ feats . 


bia Ot {ORG MOe 


1A-Data from Base ADDR| 

2A-Data from Base ADDR2 

2B-Data from Base ADDR2 except Ao is now Ao 

2C~Data from Base ADDR2 except AJ is now A} 

2D-Data from Base ADDR2 except Ao and A1 are now Ag and A} 


(5) System Clock Skew Requirements 


CLK 
_'skew 
Other tskew 
System 
Clocks 


For this synchronous memory to meet its system timing requirements, the system clock skew must not exceed the specified range. 
Larger clock skews will require smaller clock-to-access times (tCD). 


@ HITACHI 
332 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


HM62A2016 Series 


Dual 8,192-Word x 20-Bit Static Cache Memory 


m@ DESCRIPTION 

The HM62A2016 is a high speed 327,680-bit 
cache memory organized as two banks of 8,192 
words by 20-bits. The device includes dual address 
latches, dual chip select latches, data multiplexer 
with multiple chip enables and output enables. It 
can be used in a cache memory system adopting 
Harvard architecture which requires separate 
instruction and data storages. 


@ FEATURES 
¢ High speed: up to 33 MHz operation 

Address access time: 17/20/25/30 ns 

Output enable access time: 7/7/8/8 ns 
Dual 8k x 20 memory arrays with data multiplexer 
Dual latches for address and chip select inputs 
Expandable both in width and depth 

Two separate chip selects 
e 52-pin PLCC 


@ ORDERING INFORMATION 


Access Time 


Package 










HM62A2016CP-17 


HM62A2016CP-20 ae 
HM62A2016CP-25 (CP-52) 


HM62A2016CP-30 









Preliminary 


L\ 





(CP-52) 


@ PIN ARRANGEMENT 
HM62A2016 Series 


ALEA ALEB Ai0 
A2 A3 Ag As Ag =VCC A7 Ag Ag An 














vos vCC_OEA vcc_WEB_ CS 1011 
vo9 WEA vsS OE&B CS voto 


(Top View) 


m@ PIN DESCRIPTION 





Pin Name Function 
Ao-A12 Address Inputs 
ALEA, ALEB Latch Enables 
OFA, OEB Output Enables 
WEA, WEB Write Enable 
1/O0-1/019 Data Inputs Outputs 
CS, CS Chip Selects 
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HM62A2016 Series 


@ BLOCK DIAGRAM 


Latch Enable 
Side A (ALEA) 


Chip Select (CS) 
Chip Select (CS 


Latch Enable 
Side B (ALEB) 


8k x 20 Array 
Array A 


8k x 20 Array 


Array B 
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Signal Description 


Signal Name 


A0-A12 


ALEA, ALEB 


| 
| 


< 
a 
be 
= 
tH 
w 


OEA, OEB 


1/Oo, 1/019 


Pin Number 


3-9 
46-51 


2592 


30, 31 


24, 29 


25, 28 


11-13, 15-18 
20-22, 32-34, 
36-39, 42-44 


HM62A2016 Series 


Signal Description 


Shared address inputs to both Memory Array A and Memory Array B. Current AQ-A12 
values are latched into Latch A or Latch B by the falling edge of ALEA or ALEB. 


Latch enable inputs. When ALEA or ALEB is high, Latch A or Latch B is transparent 
to address and chip select input values. The falling edge of ALEA and ALEB latches 
current inputs at AQ-A12 and current states of CS and CS. These latched values remain 
applied to the respective memory arrays until ALEA or ALEB transition to a high state. 


Active low and active high chip select inputs. The current states of CS and CS are 
latched by the falling edge of ALEA and ALEB. When CS is low and CS is high read 
and write access to both arrays is possible. CS should be grounded and CS should be 
tied to VCC in applications where no device depth expansion takes place. See the 
Depth Expansion Section for a detailed description of the chip select function. 


Active low write enable inputs. WEA controls writing into Array A and WEB controls 
writing into Array B. Both WEA and WEB must not be both low simultaneously. 


Active low output enable inputs. OEA and OEB are used to control driving of stored 
data from Array A or Array B onto the I/O lines during read operations. OEA and OEB 
must not be both low simultaneously. 


Data inputs and outputs. These are three-state lines that provide data access to both 
memory arrays. 
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™ FUNCTION TABLE 
cs | cs ALEB | WEA | WEB | OEA OEB V/O Status 
L Outputs High-Z 
Xx Outputs High-Z 
H x Outputs High-Z 
H Ls : 


X = Don’t care, H = High, L = Low, High-Z = High Impedance 

Notes: 1. CS and CS values shown in the table must have propagated through transparent latches and meet specified chip select setup 
times before a deselect operation can occur. 

. If data are read simultaneously from both arrays, an undefined data outputs. Specified AC and DC parameters are not 
guaranteed in this state. 

. Simultaneous reading and writing of a single array or of both arrays is not permitted. 

. Simultaneous reading from one array while writing to the other array is not possible. 

. Simultaneous writing to both arrays is not permitted during normal R3000 based cache operation. 


N 


Wn & Ww 
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@ FUNCTIONAL DESCRIPTION 


The HM62A2016 is a highly-integrated memory 
device with several performance-enhancing features 
which allow direct interfacing to a MIPS R3000 or 
R3000A RISC processor. Two independent address 
latches, with fast setup times, are provided on-chip to 
allow faster addressing of two 8k x 20 memory arrays, 
Array A and Array B. Address inputs and data I/O lines 
are shared between the two arrays. 

Two sets of OE and WE inputs, coupled with an on- 
board multiplexer contro] read and write access to each of 
the arrays. Integrating a 2:1 output data multiplexer on- 
chip reduces the problem of data bus contention that may 
occur when using discrete SRAMs and multiplexers, and 
allows easier synchronization of output enable signals. 

OEA and OEB inputs directly control the driving of 
stored data at the outputs of the HM62A2016 during read 
operations. Fast (7 ns) output enable and disable times are 
matched and permit data to be quickly taken off the data 
bus as well as driven on. This high level of device feature 
integration demonstrated by the HM62A2016 allows con- 
struction of a dual 32-kbyte cache memory subsystem by 
combining only three devices together to reach the full 
60-bit tag plus data width requirements of the MIPS 
R3000(a) processor. 

The HM62A2016 is designed to permit storage and 
retrieval of tag address and cache data information to and 
from the two memory arrays in a direct-mapped, split 
data/instruction cache format. It is functionally compatible 
to and meets all MIPS R3000(A) cache memory timing 
requirements. The HM62A2016 fully supports 
“pipelined” reads and writes, as described below. 

Valid addresses that appear at AQ—A12 inputs are rec- 
ognized by on-chip Latches A or B when they are trans- 
parent (i.e. when ALEA or ALEB inputs are high). 
Current address input values are latched by the falling 
edge of ALEA and ALEB. 

For an R3000(A) to HM62A2016 cache interface, 
addresses are latched during the first phase of a 2-phase 
read operation cycle, and valid data appears at outputs 
(I/Oo-I/O19) during the second phase. These addresses 
will remain latched and applied to Array A or Array B as 
long as ALEA or ALEB remains low. Similarly, for a 
write operation, valid addresses are also latched during the 
first phase, while data is actually written into the 
addressed location during the second phase. 

These sequential reads occur in a pipe-lined manner, 
where data or instructions are read from one array during 
the same phase when addresses for a subsequent read 
from the other array are latched. Similarly, alternating 
consecutive writes to the two memory arrays are possible 
as long as the minimum 2-phase write operation cycle is 
met with correct timings. 

A write operation to a memory array can occur in the 
phase that immediately precedes or follows a read opera- 
tion from the other array. 

It is not possible to write to or read from both arrays at 
the same time. Nor is it possible to do more than one read 
or write per phase. It is not possible to read from or write 





HM62A2016 Series 


to the same array in consecutive phases because of the 
minimum 2-phase read/write operation cycle require- 
ments. See the Function Table for a detailed listing of pro- 
hibited operations, as well as legitimate read and write 
modes. 

Array A and B are interchangeable and can arbitrarily 
be designated as for data or instruction storage. 


Depth Expansion 


Overview 

Each HM62A2016 has a latched active high chip 
select input (CS) as well as an active low input (CS). 
Depth expansion is achieved by connecting address line 
(A13) into CS and CS inputs of two HM62A2016’s and 
grounding or tying to VCC the other remaining chip select 
of each device, as shown in figure 1. Corresponding (A or 
B) control inputs (OE, WE, and ALE) of depth-expanded 
HM62A2016’s should be tied together. 

The latched chip select function of the HM62A2016 is 
designed to permit one array to be latched “on” (active for 
read or write access) while the other corresponding array 
of a different davice is turned “off”. 


Detailed Description Aa 

The current states of CS and CS are latched on-chip 
by the falling edge of ALEA or ALEB. An “array select” 
state (both CS = 1 and CS = 0), that passes through a 
single transparent Latch (A or B) and meets tCSL timing, 
will permit that particular array (A or B) to be active for 
read and write access. An array in a selected state will 
remain active as long as its ALE input remains low. If an 
array select state is recognized by both transparent latches 
(A and B), then both arrays for that HM62A2016 device 
will be active. =a 

A “deselect” state (either CS = 0 or CS = 1) that prop- 
agates through a single transparent latch (A or B) and 
meets the minimum specified chip select setup time will 
disable both read and write access to that respective array 
(Array A or Array B). If a deselecting input state passes 
through both transparent latches A and B, then read and 
write access to both arrays is disabled. 


Example 

An example of consecutive reads from two depth- 
expanded HM62A2016’s is shown in Read Cycle No. 2. 
In the first phase, an instruction is read from the I-cache 
of the “low RAM”. At the beginning of this phase, A13 
transitions from low to high and causes the selection of 
the D-cache array of the “high RAM” for a read operation 
in the following phase. This high A13 state also deselects 
the D-cache array of the “low RAM” for the following 
phase. 

Consecutive operations are possible because the latch- 
ing of A13 to select or deselect an array can occur in the 
same phase as a read or write operation from another 
array of a different HM62A2016. 

As a further example, the timings for a depth- 
expanded store-load sequence are shown in Write Cycle 
No. 2. 
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Data Bus 





“High RAM” 
HM62A2016 HM62A2016 


IWR* WEA WEA 
IRD* OEA 

DWR* WEB 

DRD 








Addr. Low __ 
(Ao-A12) CS CS 


Addresses 
(Ao-A12) 13 





Figure 1. 16k x 20 x 2 Cache SRAM from two 8K x 20 x 2 Cache SRAMs 
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HM62A2016 Series 





@ ABSOLUTE MAXIMUM RATINGS 


Item Symbol Unit 

Supply Voltage relative to Vss Vcc ~0.5*! to +7.0 Vv 

Voltage on any pin relative to VSs Vin ~0.5*! to Voc +0.3 Vv 
PT 2.0 


Power Dissipation Ww 


Operating Temperature Range °C 


Storage Temperature Range Tstg —55 to +125 °C 
Storage Temperature Range Under Bias Thias —10 to +85 °C 


Note: 1. Vin min = —2.5 V for pulse width 10 ns. 


m@ RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to +70°C, exceeding minimum air flow requirement) 





Parameter 







Supply Voltage 







Input High (Logic |) Voltage 
Input Low (Logic 0) Voltage 
Note: 1. VIL min =-2.0V for pulse width 10 ns. 


2. The supply voltage with all VCC pins must be on the same level. 
3. The supply voltage with all VSs pins must be on the same level. 





@ DC CHARACTERISTICS (Ta = 0 to 70°C, Voc = 5V + 10%, Vss = OV, exceeding minimum air flow requirement) 


Parameter Test Conditions 
input Leakage Curent [|i] [| — [| — | 20 | mA | Vee= Max, Vin= Vssi0 Voc 


Output Disable 
ee ee liLo| |= | - | 2 | wa | VI/O = Vss to VCC 
: E Vin = VSS to Vcc, Outputs Open 
t t 
oe aan Icc 220 mA Load, lout = 0 mA, teycle = Min. Cycle, 
CS = VIL Max., CS = VIH Min. 


Output Low Voltage | Vor =| — | — | 04 | v | loL =8 mA 
Output High Volige | Von | 24 | — | — [| v1 jon =—4 mA 


Note: 1. Typical limits are at VCC = 5.0V, Ta = +25°C and specified loading 


@ CAPACITANCE (Ta = 25°C, f= 1 MHz.)*! 












Parameter Test Conditions 


Input Capacitance 









Input/Output Capacitance Vio =0V 


Note: 1. This parameter is sampled and not 100% tested. 
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@ AC CHARACTERISTICS (Vcc = 5V + 10%, Ta = to 70°C, exceeding minimum air flow requirement) 
Test Conditions 


¢ Input and Output timing reference levels: 1.5V 
¢ Input pulse levels: Vss to 3V 
¢ Output load: See figures 


+5V +5V 
480Q 480Q 
/O VO 
255Q 50pF* 2550 5pF* 
Vss Vss 
Output Load (A) Output Load (B) 
*Including scope & jig. (for toz & tonz) 


@ READ CYCLE 


33 MHz 25 MHz 20 MHz 16.67 MHz 


ey cae oe TS 
Read Cycle Time Sa OA Ean 
Address Valid to Output Valid Eo ee = = er a 
Chip Select Access Time | | acs"! { — | 17 | — | 20 | — | 3 | — | 30 | 
Output Enable Low to Output Valid | toe | — | 7 | — | 7 | ~ | 8 | —~ | 8 | 
Output Enable Low to Output Low-Z tOLZ Pte file chin oe Ph. Sie eat See ONS ee 
Output Enable High to Output High-Z ie ee eee ee 
Output Hold from Latch Enable | _ won | 3 | — | 3 | — | 3 | — [3 | — | 
Address Setup to Latch EnableLow | tas. _| 5 | — [| 5 | — | 5 | — | 5 | — | 
Address Hold from Latch EnableLow] tanp | 2 | — | 2 | — | 2 | — [ 2 | — | 
Chip Select Setup to Latch Enable Low a ee 
Chip Select Hold from Latch Enable Low ES ES ee ee ee ee ee 
Output Enable Separation Time tOSP Wt oan | Oe Yn eee A ee yee cee IL de od eed 
Latch High to Address Valid Lo 13{/—fsj-lta3l— | 


Qu 
n 


Note: 1. Indicates depth expansion parameter only. or parameters apply for both CS an 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


HM62A2016 Series 


@ WRITE CYCLE 


Frequency 33 MHz 25 MHz 20 MHz 


16.67 MHz 


ae eee ee 
eee ae ee ee 
a ee Ss 


ns 


Address Setup Time Before Write Start tas 

Latch Enable Hold from End of Write 
Address Setup to Latch Enable Low 
Address Hold from Latch Enable Low 
Chip Select Setup to Latch Enable Low 
Chip Select Hold from Latch Enable Low 
Read/Write Separation Time 


Latch High to Address Valid 


Note: 1. Indicates depth expansion parameter only. These parameters apply for both CS and CS. 


— rzacoie2s | nme20201630 | Uni 
in_| Max | Min | Max | Min | Max | Min 
Write Cycle Time Be Se eee ee Ee ee 
Address Valid to End of Write taW Ete ze cease ses ns 
Data Valid to End of Write a ae Baars es 
Data Hold from End of Write he ae ae ee ee ae ns 
Write Pulse Width ea eee ns 
Chip Enable to End of Write bse | 795. | es 
oe 
30% 


[ees en ee 
ee a ee Pe 
Sa eee 
SS ee as ee 
See oe 


—l—|z 


#@ TIMING WAVEFORMS 
Read Cycle No. 1 (CS = Low, CS, WEA, WEB = High) 


Phase 2 Phase 2 






Phase 1 





















tac trc 
(A0-A12) Address 1 Address 2 
eae 
8 i: 
tLoH 
ALEB Re a 
(DCik) | 
mmrarmn XXEED [OK Irjealle> 
: rer lect. |ectie. 
OEA 
(Rd*) i] 
OEB 
(DRd’*) 


Notes: 1. All timing parameters are measured with output Load A unless otherwise noted. 
2. Read cycle time (tRC) refers to read operations with current addresses applied to a transparent (high) latch. Read timing 
parameters are referenced from the last valid address to the first transition address. 
3. Transition is measured +200 mV from steady state voltage with output Load B for toLZ and toHZ 
These parameters are sampled and not 100% tested. 
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Read Cycle No. 2 (WEA, WEB = High) (Consecutive Reads from Two Depth-Expanded HM62A2016’s) 





Phase 1 Phase 2 Phase 1 Phase 2 
tos 2 ‘ * tosH* 
tcsH tes. test 





CS « “Low RAM* 
CS e “High RAM* 
(A13) 
Addresses Instruction 
(Ao-A12) (Data Address 0 (Data Address 1) Address 2 


ALEA 
(ICIk) 


ALEB 
(DCIk) 


Data/Instruction 
Out 


OEA 
(IRd*) 








OEB 
(DRd*) 


Note: 1. All other non depth-expansion parameters shown in Read Cycle No. 1 still apply, and are not shown for simplicity. 
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HM62A2016 Series 


Write Cycle No. 1 (CS = Low, CS, WEA = High) 
























(Data 0 


i) 


(Instruc- 
7 tion0 Out) 


Jie 


Store Load 
Phase 1 Phase 2 Phase 1 Phase 2 
two tro tac tac 
(A0-A1) (Data Address 0) ‘Address 1 (Data Address 1) ‘Address 2 
ALEA j | 
(ICIk) Be 
tas. 7" 
i tant 
ALEB 
(DCIk) ae 
Sr ana LAA 
Data/Instruction es ; 4 © ion a) i Data 1 
|_| 


waa 


ang 


a 





















OEA 
(IRd*) | 
OEB 
fos a g 
tos 
twp 
WEB 
(DWr*) 
Notes: 1. All timing parameters are measured with output Load A unless otherwise noted. 


2. Write cycle time refers to write operations with current addresses applied to a transparent (high) latch. 
3, Transition is measured + 200 mV from steady state voltage with output Load B for toLz and tOHZ. These parameters are 
sampled and not 100% tested. 
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HM62A2016 Series 
Write Cycle No. 2 (WEA = High) (Store-Load Sequence of Two Depth-Expanded HM62A2016’s) 
Store Load 


Phase 1 Phase 2 Phase 1 Phase 2 
test 





tcsH* tos" tosH* tcsH" 
<< a 





CS ¢ “Low RAM* 
CS ¢ “High RAM* 
(A13) 


Addresses 
(Ao-A12) 


ALEA 
(ICIk) 


ALEB 
(DCIk) 


Data/Instruction 
Bus 





OEA 
(IRd*) 








OEB 
(DRd’) 


WEB 
(DWr") 


Note: 1. All other non depth-expansion parameters shown in Write Cycle No. 1 still apply, and are not shown for simplicity. 
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HM62A2016 Series 


Air Flow Requirements 


Requirment 


(ms) 


Minimum 
Air Flow 


O 
.°) 

—) 
wm 








tre or twc (ns) 
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HM62A9128/8128 Series ————_____Preiiminary 


131 ,072-Word x 9(8)-Bit Synchronous Cache SRAM 


@ FEATURES 


* For high speed cache memory applications 

* Pipeline access capability with on-chip address, 
strobe and I/O registers 

¢ Organization: 128 kword x 9(8) bit 

¢ SOJ: 32-pin 

* TILVO 


@ MAIN CHARACTERISTICS 


Clock Cycle Time 20 ns (min) 


Clock to Data Valid 10 ns (max) 
Power Dissipation 788 mW (max) 


@ ORDERING INFORMATION 


Clock Cycle Time Package 





HM62A9128JP-20 32-pin SOJ 400 mil. 
HM62A8128JP-20 (CP-32D) 





(Top View) 
@ PIN DESCRIPTION 

Pin Name Function 

A0-A12 Address 

1/O0-1/08 Input/Output 
WE Write Enable 
OE Output Enable 
CE Chip Enable 
CLK Clock Input 
Vcc Power Supply 
Vss Ground 
NC No Connection (for x 8) 
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@ BLOCK DIAGRAM 


CLK Input Data Register 


128 K x 9 (8) 
SRAM 


Address Register 
Address Decoder 





mal 
m 


Strobe Reg 
= 
i El 
mi 
©) 


CLK PPIPE REG. 


@ FUNCTION TABLE 


Truth Table 
CLK 





SRAM Mode 


Not Selected Read Cycle 


HM62A91 28/8128 Series 


iF 
= 
=e 
—— 


eS 
mal 
cee 
[| 


SENSE AMPLIFIER 


See Ree 


Output Data Register 


an 
Senge 


Lh 
ee) 


i 
d 





Next Cycle Dout Ref. Cycle 


Read Cycle 
Write Cycle 


Not Selected 
gh 








igh-Z 
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HM62A9128/8128 Series 





@ ABSOLUTE MAXIMUM RATINGS 


lem Unit 
Voltage on any pin relative to VSs ) rid 0504700 Vv 
Operating Temperature Range °C 
Storage Temperature Range (with Bias) °C 
Storage Temperature °C 


@ RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to +70°C) 







Supply Voltage 


Input Voltage 


Note: 1. ViL min = —2.0V for pulse width < 10 ns. 


@ DC CHARACTERISTICS (Ta = 0 to +70°C, Vcc = SV + 5%, Vss = OV) 


Item | Symbol | Min. | Typ | Max. | Unit Test Conditions 
input Leakage Curent [tur] | -— | — |] 2 | wa | Voe=5.25V, Vin= Vast Voc 
Output Leakage Current | |wol | — | — | 10 | pA |  DowHigh-Z State Vio = Vss to Voc 


Average Operating Min. Cycle, CE = VIL 
Current Icci 150 mA Duty: 100%, lo =O mA 
Power Standby CLK ¢ VIL, 
Standby Power Min. Cycle 
Supply Current Power Standby CLK < 0.2VVIL, 
Vin, $ 0.2V or Vin 2 VCC -0.2V 
Output Low Voltage IoL =8.0 mA 


Ona Bik Vale [ee bP foH=—4mA 


@ CAPACITANCE (Ta = 25°C, f= 1.0 MHz) 


Test Conditions 


Input Capacitance 


Input/Output Capacitance 2 ae le es ee Vio = 0V 


Note: |. This parameter is sampled and not 100% tested. 
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@ AC CHARACTERISTICS (Ta = 0 to +70°C, Vcc = 5V 5%) 
Test Conditions 


Input pulse levels: Vss to 3.0V 

Input rise and fall times: 2ns 

Input and output timing reference levels: 1.5V 
Output Load: See figure 


+5V +5V 
480Q 480Q 
Output Output 
2550 30pF* 2550 5pF* 
Output Load (A) Output Load (B) 
“Including scope & jig Capacitance (for tyz & tLz) 
@ READ AND WRITE CYCLE 
item Max Unit Note 
Clock Cycle Time tcc n 


5 


Clock High Pulse Width 
Clock Low Pulse Width 
Input Setup Time (Address, Data, Strobes) tls 


Input Hold Time (Address, Data, Strobes) Py ties: 1 
Clock to Output Data Valid ee ee 
Output Data Hold From Clock tOH 


Clock to Output in Low-Z tLzZ i ae 
Clock to Output in High-Z tHZ fe | 


Notes: 1.Transition is measured + 200 mV from steady state voltage with Load (B). 
2. This parameter is sampled and not 100% tested. 


| 


3 








3 [Ss 


: 
= 
3 

ALA IH IMRER TH [MH [H [BH 


=] 
— 
Nw 


1,2 


=| 
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@ TIMING WAVEFORMS 
Read Cycle 








CLK 








Address 





























Dout 








Notes: 1. Read data is valid on next cycle. 
2. High impedance state is obtained on next cycle from CE = H, OE = H, or WE = L. 
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HM62A91 28/8128 Series 


Write/Read Cycle 


tcc tcc tcc 


tCH tot tcH tc. 





CLK 


tis tiH 





tis tiH 
We <! PXXA | 
\ LL/\/\A \ 
tis | tH tac 
n XK KX 
Din A A 
ste ay Data Valid 
Dout 
Note: 1. Low impedance state is obtained on next cycle from OE = L, CE = L, or WE =H. 
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Pipelined Read Cycle (including internal signals) 


CLK 


Gomes ~ ea Aloe ea ee a 


ADDR BX XD XK XD 3 
DATA BX ooX BX XX Oe XX Oo XD 


CE 0 1 2 3 
OE 

0 1 2 3 / 
WE 0 7 2 3 


LADDR Se or DS Fo OA OO a eS 
LDAIAUR)? “Ss Oe ee OR Se a Se ee ee 
LCE \ / 
LOE \ / 


LWE High 


PE eeeee 
LDATA (out) =~ >< == >< == DK _Do DK_91 D2 D> Ds OK OK KE 
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HM62A9128/8128 Series 


Pipelined Write Cycle (including internal signals) 


CLK 


pour: Eile tes Le ape eth 


ADDR CBX 20 XX A XBRX 2 XX XD 
DATA (BBX 2c XBX Os XX 02 XIX Os XE 


CE 0 1 2 3 
OE 

0 1 2 3 
WE 0 7 2 3 


LADDR Se a eT a Se 
LDATA (in) = ~~ ><=— ><_ Po D<_D1 D<_ D2 ><_0s > KEE KEE EEE 











High 


LWE a nn eines 


PA GEES CWrite >< Write >< Write >< Write > 
DATA (ul). oe ORO a ee 
Low 
LLOE 
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Alternate Read/Write/Read Cycle (including internal signals) 


CLK 


comey LJ LJ LJ LI LI LI LJ LI LI lL 
ADDR ( \Gdi ) ( OD NED | 


DATA BQ xaoh VW ere 
CE Ro Wo Ry 
OE Ro Ry 


WE \i \iy \ \i \\ Wo/ fi / \i) 


LADDR 
LDATA (in) 
LOE TOE Oe ey CtC<CS*S 
7 Tee Nee t*=—<CSs~s‘“—S~SSNsC~S 
— Ss 


RAM Access C Write >< Read > 
LDATA (Gu). = ee OC Sr OO 


LLOE OS as, <a an eee 
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HB66B1616A Series 


16,384-Word x 16-Bit High Speed Static RAM Module @ PIN ASSIGNMENT 
@ DESCRIPTION 
The HB66B1616A is a high speed 16K x 16 Static RAM module, 


mounted 4 pieces of 64K bit SRAM (HM6289JP) sealed in SOJ pack- 1 
age. An outline of the HB66B1616A is 36-pin dual in-line package. 2 
Therefore, the HB66B1616A makes high density mounting possible 3 
without surface mount technology. The HB66B1616A provides com- 4 
mon data inputs and outputs. Its module board has decoupling ca- 
pacitors to reduce noise. : 
@ FEATURES 7 
® Single 5V (+ 5%) Supply 8 
e High Speed 9 
Access Time. ........ 0... cee eee ee eee 25/35ns (max.) 
© Low Power Dissipation 
Active Mode. ......... 0.000 cece cece eee ees 1200mW typ. Ag 11 
Standby Mode................... 300mW typ. (TTL level) Az 12 
0.4mW typ. (CMOS level) DQ, 13 
e Equal Access and Cycle Time DQ« 14 
¢ Completely Static RAM 5 
No Clock or Timing Strobe Required DQ¢ 15 
¢ Directly TTL Compatible: Ail Inputs and Outputs DQ7 16 
CS 17 
@ ORDERING INFORMATION GND 18 











Access 


25ns 
35ns 





Package 






HB66B1616A-25 
HB66B1616A-35 


36-pin dual in-line 


leaded type (Top View) 





™ PHYSICAL OUTLINE # PIN DESCRIPTION 
Pin Name Function 
Ao ~ Ay3 Address Input 
DQo ~ DQ:5 | Data-in, Data-out 
cs Chip Select 
WE Write Enable 
OE Output Enable 
Vcc Power Supply (+5V) 
GND Ground 
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HB66B1616A Series 
B BLOCK DIAGRAM 


DQ12 





DQ15 


AO~A13 e——————_> M0~M3 
* MO~M3 : HM6289JP WE 


e————_> MO~M3 


Vcc = MOMS 
C0~C5 


GND e——l—_____+ o-m3 
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HB66B1616A Series 
@ ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to Veg Vv 
Power Disipation W 
Operating Temperature Range °C 
Storage Temperature Range °C 
Storage Temperature Range Under Bias °C 


NOTE: 1. Vin min. = -2.0V for pulse width < 10ns. 


@ TRUTH TABLE 


Ref. Cycle 


170 Pin 
Not Selected Tops eng High-Z 
Read cae oe 














Read Cycle (1-3) 
Write Cycle (1) (2) 
' Write Cycle (3-6) 










NOTE: X means don’t care. 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to 70°C) 








Parameter 


Supply Voltage 





Input High (Logic 1) Voltage 
Input Low (Logic 0) Voltage 
NOTE: 1. Vit min. = -2.0V for pulse width < 10ns. 


@ DC ELECTRICAL CHARACTERISTICS (T, = 0 to 70°C, Voc = 5V + 5%, Vss = OV) 


Parameter Symbol Min. | Typ.{) | Max. | Unit 





Input Leakage Current Vcc = Max., Vin = Vss to Vcc | -10 | — | 10 | pA 
Output Leakage Current ILo CS = Vin» Viio = Vss tO Vec | -2 [ — | 2 | pA 
CS = Vy, Ivo = OMA 
Operating Power Supply Current Icc Min, Cycle 240 480 | mA 
Standby Power Supply Current Isp | CS = Vyy Min. Cycle | — | 60 | 120 | mA 
Standby Power Supply Current (1) = 0.08 a mA 
Output High Voltage [Vou [ton=-4mA—SSCSC~C—~—~‘i aw PS 
eee Vo._[lo=8maSCSC~dT ‘| — fom | 


NOTE: 1. Typical limits are at Vcc = 5.0V, Ta = +25°C and specified loading. 


M@ CAPACITANCE (T, = 25°C, f = 1MHz)() 


35 


Input Capacitance (Address, CS, OE, WE) in = | 35 
Input/Output Capacitance (DQ) 
NOTE: 1. This parameter is sampled and not 100% tested. 
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HB66B1616A Series 


m@ AC CHARACTERISTICS (T, = 0 to 70°C, Vcc = 5V + 5%, unless otherwise noted.) 


® Test Conditions 


© Input Pulse Levels: Vg to 3.0V 
¢ Input and Output Timing Reference Levels: 1.5V 


+5 V 


Dout 4800 


30 pF * 


2552 


Output Load A 


*Including scope and jig capacitance. 
e Read Cycle 


Parameter 


Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Chip Selection to Output in Low-Z 

Output Enable to Output Valid 

Output Enable to Output in Low-Z 

Chip Deselection to Output in High-Z 

Chip Disable to Output in High-Z 

Output Hold from Address Change 

Chip Selection to Power Up Time 

Chip Deselection to Power Down Time 
NOTE: 


¢ Input Rise and Fall Times: Sns 
© Output Load: See Figures 


45 V 


2550 5 pF * 


Output Load B 
(for toyz, teiz> touz: tocz» twuz & tow) 


HB66B1616A-25 HB66B 1616A-35 


Symbo 


aie eo ee | ae 
el 
7 a <I 
ie ee ee 
5 a Dea 
a ae ee a 
cE a 
Oe a 
oO ee eM 
ie i al ae ae 
ner = <a De 


1. Output transition is measured +200mV from steady state voltage with Load (B). 


This parameter is sampled and not 100% tested. 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


HB66B1616A Series 


¢ Read Timing Waveform (1) (") 


Address 


Dout 


Address 





Dout 


Dout XX 


Vec supply 
current 





NOTES: 1. WE is high for read cycle. 
2. Device is continuously selected, CS = Vi. 
3. Address valid prior to or coincident with CS transition low. 
4, OE = VIL. 
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HB66B1616A Series 
¢ Write Cycle 


Parameter Symbol es | ee Unit 
Write Cycle Time | two | 25) | = | 35 | ns 
Chip Selection to End of Write | tw | 2 {| — |[ 30 {| — | ao 
Address Valid to End of Write | tw | 2 {| — | 30 [| — | ns 
Address Setup Time eo ae ne ee 
Write Pulse Width ia (ee ae ee i 
Write Recovery Time twR 0 fF o—- 7 OF [| = | ns 
Output Disable to Output in High-Z ton | 0 [| 0 | 0 | 0 | ns 
Write to Output in High-Z rw? | 0 | 8 | 0 | 0 | ms 
Data to Write Time Overlap tow | 2 | — {| 20 | — | ns 
Data Hold from Write Time | ty | Oo {| — {| 0 [| — | ns 
Output Active from End of Write tw) | 5 [| — | 5 [| -— | ns 


NOTE: 1. Output transition is measured + 200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 


¢ Write Timing Waveform (1) (OE = H, WE Controlled) 


Address 


Data In 


Dout 


two 
ae 
SOR LZ 


; yo 


SS t t 
YVVVVVYYVYVVYYVVY VY VVVVVY VY Y 
AAD XK 


High Impedance 
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HB66B1616A Series 
e Write Timing Waveform (2) (OE = H, CS Controlled) 


twe 
Address 


; a 
; me 


YE WWW PYZZEXZEEZ 


WVIVVVVVVVVV VV VV WIVVVVV 
Datain = XXXXAXAAAAAAAAD KY 


High Impedance 


Dout 


¢ Write Timing Waveform (3) (OE = Clocked, WE Controlled) 


Address 


Sel gg ee ea 


twe 


fe ies ae al ee 
. Smee | 
tonz ‘3 tovz 
Dout High Impedance " 
tow tou 


Din OK bara KY 


/\ {\ 
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HB66B1616A Series 


¢ Write Timing Waveform (4) (OE = Clocked, CS Controlled) 


Address 


Din 





High Impedance 


Dout 
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HB66B1616A Series 


¢ Write Timing Waveform (5) (OE = L, WE Controlled) 


Address 


Dout 


ty 


IIS a 


twr 2 


> ~—_ 


twuHz°3 ton 


SSS} Hoh impedance Ks KXXX 
High Impedance ok nA S 
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HB66B1616A Series 


¢ Write Timing Waveform (6) (OE = L, CS Controlled) 


Address 


Dout 


Din 


NOTES: 


ty 


oe 
a 
perenne sree 

SII TPWEZEXEZZ 
E> dilieaae Impedance 


KKK OK Bata vais KX KXKKEXK 





1. A write occurs during the overlap of a low CS and a low WE (twp). 
2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 
. During this period, I/O pins are in the output state so that the input signals of opposite phase to the output must not be 


applied. 


. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 


buffers remain in a high impedance state. 


. If CS is low during this period, I/O pins are in the output state after tow. Then the data input signals of opposite phase 


to the outputs must not be applied to them. 


. Dout is the same phase of write data of this write cycle, if twr is long enough. 
. If the CS low transition occurs simultaneously with the OE high transition or after the OE transition, the output 


buffers remain in a high impedance state. 
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HB66A2568A Series ——H——_____— 


262,144-Word x 8-Bit High Speed Static RAM Module 
@ DESCRIPTION 


The HB66A2568A is a high speed 256K x 8 Static RAM module, 
mounted 8 pieces of 256K bit SRAM (HM6207HUJP) sealed in SOJ 
package. An outline of the HB66A2568A is 60-pin zigzag in-line 
package. Therefore, the HB66A2568A makes high density mounting 
possible without surface mount technology. The HB66A2568A pro- 
vides separate data inputs and output. Its module board has decoup- 
ling capacitors to reduce noise. 


@ FEATURES 


¢ Single 5V (+ 10%) Supply 
¢ High Speed 
ACCESS TIMG:s 2:5:052 ce ern eles Cea Gai ees 25/35ns (max.) 
¢ Low Power Dissipation 
Active Mode ............. 2. eee eee ene 2400mW typ. 
Standby Mode................... 800mW typ. (TTL level) 
0.8mW typ. (CMOS level) 
© Equal Access and Cycle Time 
¢ Completely Static RAM 
No Clock or Timing Strobe Required 
¢ Directly TTL Compatible: All Inputs and Outputs 


@ ORDERING INFORMATION 










Package 


HB66A2568A-25 
HB66A2568A-35 


60-pin zigzag in-line 
leaded type 





87.63 £0.25 
3.450 ¢ 010 


plane 


+ 0.30 
0.25 9.05 


230 REF 


80.01 REF 
3.150 REF 
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@ PIN ASSIGNMENT 





Vss 
PD1(GND) 
NC 


Di 





(Top View) 


@ PIN DESCRIPTION 


Pin Name 


Function 
Address Input 
Data-in 
Data-out 
Chip Select 
Write Enable 
Power Supply (+5V) 
Ground 
Non-connection 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢« 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 (415) 589-8300 365 


HB66A2568A Series 


@ BLOCK DIAGRAM 


CSI CS2 


pf 
ADD = al 


D2 
Q2 


D6 
Q6 





C=0.22uF 


* MO~M7 : HM6207HJP 
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HB66A2568A Series 


@ ABSOLUTE MAXIMUM RATINGS 


Parameter Value Unit 
Voltage on Any Pin Relative to Vgs Vv 
Power Dissipation ee 
Operating Temperature Range 2C 
Storage Temperature Range aC 
Storage Temperature Range Under Bias °C 


NOTE: 1. Vin min. = -2.5V for pulse width < 10ns. 


@ TRUTH TABLE 


[WE [Mode [Vee Current [Dau Pin 
ae ee ees eae ee ee a 


NOTE: X means don’t care. 







Ref. Cycle 













Read Cycle 
Write Cycle 





@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T,, = 0 to 70°C) 


Parameter [Symbot [Min [Typ [| Max._[ Uni 


ae 55 [Vv 

| Vss | | 00 | 00 | 0.0 Vv 
Input High (Logic 1) Voltage | Vm | 22 | — | 60 | V 
Input Low (Loge 0) Voltage a 


NOTE: 1. Vi. ma. = -2.0V for pulse width < 10ns. 


@ DC ELECTRICAL CHARACTERISTICS (T, = 0 to 70°C, Vcc = 5V + 10%, Vss = OV) 


Parameter Symbol Test Condition | Min. | Typ. | Max. | 
Input Leakage Current Vec = Max., Vin = Vs to Vec 


Output Leakage Current CS), CS) = Vin, Vo = Vss to Vcc 


CS}, CS) = Vit, Ivo = OMA 


IL 

ILo 
Operating Power Supply Current Icc Min. Cycle, Duty = 100% 
Vou 
Voi 





Standby Power Supply Current | Isp CS), CS, = Vyy Min. Cycle | — | 160 | 320 | 
CS), CS, = = Vcc -0.2V 
Standby Power Supply Current (1) 





OV < V;, < 0.2V or 
ee ae a BP 
Saas eae fgg = mA SCS—~—~—C Po 


NOTE: 1. Typical limits are at Vcc = 5.0V, Ta = +25°C and specified loading. 


@ CAPACITANCE (T, = 25°C, f = 1MHz)(!) 


— > Symbol "es Condions [in 
Input Capacitance (Address, WE) | Cy | Va=ove [| ~— | 
Input Capacitance (CS) Cp Vin = OV | — | 45 | pF 
Input Capacitance (Data in) | Ch | Va=ove [| — | 
| Co | ae 


Output Capacitance (Data out) Co Vout = OV 
NOTE: 1. This parameter is sampled and not 100% tested. 
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HB66A2568A Series 


m@ AC CHARACTERISTICS (T, = 0°C to 70°C, Voc = 5V + 10%, unless otherwise noted.) 


¢ Test Conditions 
© Input Pulse Levels: Vgg to 3.0V 


© Input and Output Timing Reference Levels: 1.5V 


+5 V 


4802 


30 pF * 





Output Load A 


*Including scope and jig capacitance. 
¢ Read Cycle 


Parameter 


Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Output Hold from Address Change 
Chip Selection to Output in Low-Z 
Chip Deselection to Output in High-Z 
Chip Selection to Power Up Time 
Chip Deselection to Power Down Time 


¢ Input Rise and Fall Times: Sns 
¢ Output Load: See Figures 


+5 V 


Dout 4800 


2550 5 pF * 


a 


Output Load B 
(for tz, tz, twz & tow) 


HB66A2568A-25 

| Min. | 

3th | | 

| = | 

| tz) | 5 | 
tpu 


HB66A2568A-35 


. 


3 


Go | Go 
atin 


5 


NO 
jo) 


nN 
w~ 


Max. 
aes 
ee 
ae 
ree 


s 
wis 


NOTE: 1. Transition is measured +200mV from steady state voltage with Load (B) 
This parameter is sampled and not 100% tested. 
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Unit 
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HB66A2568A Series 





¢ Timing Waveform of Read Cycle (1) (1) (2) 


Address 


Dout 


Dout 


Vec supply 
current 





NOTES: 1. WE is high for read cycle. 
2. Device is continuously selected, CS = Vit. 
3. Address valid prior to or coincident with CS transition low. 
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HB66A2568A Series 


¢ Write Cycle 
ae = 
Write Cycle Time twe | 25 | — [| 35 | — | ns 
Chip Selection to End of Write | tw | 2 | — | 30 | — | ns 
Address Valid to End of Write tw | 20 [| — | 30 | — | os 
Address Setup Time Sa ea ea 
Write Pulse Width ae l= 
Write Recovery Time ec ae ee eae ee ee 
Data Valid to End of Write | tw | 6b [| — | 20 | — | ns 
Data Hold Time ps Spee <0 ine Oe |, eee |e 
Write Enabled to Output in High-Z | tw) | o [| 8 | Oo | 0 | ns 
Output Active from End of Write ftw? {| o | — | Oo | — | ns 


NOTE: 1. Transition is measured +200mV from high impedance voltage with Load (B). 
This parameter is sampled and not 100% tested. 
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HB66A2568A Series 


¢ Timing Waveform of Write Cycle (1) (WE Controlled) 


Two 
aes ee 
se Wess aaa, OUT 


| 
| 


WS 


fh 


on SKKKKKKKR KKK ba vat XXKKEXHED 


Dout ZIZZZ LL LLL CCL Le High Impedance ATI NVA 
WBA RaaaaaRaY, VAVAVAV ANS 
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HB66A2568A Series 
* Timing Waveform of Write Cycle (2) (CS Controlled) 


twc 
Address ea. 


me WW YaaEEZZZz 


; VY YVVYY YYVYYY VV Y VYVYYV VY 
Din OOK XXII) 


High Impedance *3 





Dout 


NOTES: 1. A write occurs during the overlap of a low CS and a low WE. 
2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 
3. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 
4. Dout is the same phase of write data of this write cycle, if twr is long enough. 
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Section 4 
MOS Pseudo Static RAM 





@ HITACHI® 


HMGS5256B Series 


32768-word X 8-bit High Speed Pseudo Static RAM 


® FEATURES HM65256BP Series 
Single 5V (+10%) 


@ High Speed 

Access Time 

CE Access Time ...........---. 100/120/150/200ns 
Address Access Time .............-5 50/60/75/100ns 
(in Static Column Mode) 

Cycle Time 

Random Read/Write Cycle Time ... . 160/190/235/310ns (DP-28) 
Static Column Mode Cycle Time ...... 55/65/80/105ns 
Low Power 

175mW typ. Active. 

All inputs and outputs TTL compatible 

Static Column Mode. Capability 

Non Multiplexed Address 

256 Refresh Cycles (4ms) 

Refresh Functions 

Address Refresh 

Automatic Refresh 

Self Refresh 


HM65256BFP Series 





(FP-28DA) 


® PINARRANGEMENT 
® ORDERING INFORMATION 


Type No. Package 


HM65256BP- 10 
HM65256BP- 12 
HM65256BP- 15 
HM65256BP-20 


HM65256BLP- 10 
HM65256BLP- 12 
HM65256BLP- 15 
HM65256BLP-20 


HM65256BFP-10T 
HM65256BFP- 12T 
HM65256BFP- 1ST 
HM65256BFP-20T 


HM65256BLFP-10T 
HM65256BLFP-12T 
HM65256BLFP- 1ST 
HM65256BLFP-20T 


600 mil 28 pin 
Plastic DIP 


28 pin 
Plastic SOP 





(Top View) 
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HIM65256B Series — ————— 


#8 BLOCK DIAGRAM 


Address Memory Matrox 


Latch (286% 1281 x8 


Control 





= TRUTH TABLE 


Refresh 
Standby 





® ABSOLUTE MAXIMUM RATINGS 


Terminal Voltage with Respect to Vgg | vr | -1.0 to +7.0 


Vr 
Power Dissipation 


Operating Temperature 0 to +70 


opr 


Storage Temperature —55 to +125 
Storage Temperature Under Bias —10 to +85 


® RECOMMENDED DC OPERATING CONDITIONS (7, = 0 to +70°C) 







Supply Voltage 






Input Voltage 


Note) *1. Vyz, min = -3.0V for pulse width S 10ns. 


© HITACHI 


Unit 


°C 
aC 
aC 
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HM65256B Series 


® DC ELECTRICAL CHARACTERISTICS (7, = 0 to +70°C, Voc = 5V +10%) 


Sawai symbol Pate sore HMG65256B Series | HM652S6BL Series] 
arameter 0 ‘est Conditions nit 
[|| min [vp [ mex 


Operating Power Tyo = OmA 
Supply Current teye = min. 


CE>Vec-0.2V, OE>Vec-0.2V p- | -| -] 0.05] 0.1 | mA 
Operating Power Supply Ioc2_| CE= Vy, OE = Vyz F- | a] 2 | 0.6 | 1 [mA 


Curent nS Rett Mod a a Ae m 



















Standby Power 
Supply Current 


Input Leakage I Voec= 5.5V 
Current LI Vin = Vss to Voc 


Output Leakage r OE = Viz 

Current LO Vii0 = Vss to Voc HA 

Output Voltage pou \Wor* 21 ma p> [= [o4f - | - [oat 
Yon lon =m Fae ee 


[Symbol [Test Condon wp] man 
a 2 


Note) This Parameter is sampled and not 100% tested. 








® CAPACITANCE 


Item 















Input Capacitance 






Input/Output Capacitance 


w AC CHARACTERISTICS (7, =0 to +70°C, Veco = SV 410%) 
@ AC Test Conditions 





Input Pulse Levels................000- 2.4V,0.4V 

Input Rise and Fall Times ................0.. 5ns 

Timing Measurement Level.............. 2.2V,0.8V 

Reference Level ........... Von =2.0V, Voz = 0.8V 

Output Load ...............0.. 1 TTL and 100pF (including scope and jig) 

es HM65256B-10 | HM65256B-12 | HM65256B-15 | HM65256B-20] | 
Random Read or Write Cycle Time |r | 160] - | 190] - | 235] - | 310] - |m 
Static Column Mode Read or Write isc | 38] - | ss] - | a] - | os] - | a 
Cycle RSC 
Chip Enable Access Time cea [=| 100, = [190] = [150 [ =| 300 ns 
Address Access Time ltaa | - | SO] - [| 60) - | 75{ - | 100] ns 
Output Enable Access Time Cie oe ee ee ee ee 
Chip Disable to Output inMighZ —— [tcz | - | 25] - | 25] - [| 30[ - [ 35|ns 
Chip Enable to OutputinLowZ _|rcuz_| 30; - | 30| - | 35| = | 40| - [as 
Output Enable to OutputinLowZ  [tonz | 10| - | 10 | | io] - | 10) - [ns 
Output Disable to Output in High Z pou ft ty - | 30]; - | 35] ns 
Chip Enable Pulse Width tce | 100n | 4m | 120n | 4m | 150n | 4m_ | 200n | 4m | 
Chip Enable Precharge Time ep | = Sof - [| 60] - [| 75{ - | 100] - | ns 
Address Set-up Time a a) ee a ae a ee 
Row Address Hold Time tran | 20| - {| 20] - | 25] - | 30] - [ns 
Column Address Hold Time tcaw_ | 100] - | 120; - [ 150] - | 200| - | ns 
Read Command Set-up Time izes | 0] - | o| - | o| - | o|- [ms 
Read Command Hold Time tec | 9; - [ Of - [ oO[ - | O[ - [ns 
Output Enable Hold Time onc | o[ - | o| - | o| - | o[-|m™ 
ree ow | of = | of = | l= | l= 
Time 
auernrewen tow | sf ||P sf= | l= fo 
Tess 
Write Command Pulse Width ewe | 25] - | 25) - | 30{ - {| 35] - [as 
Chip Enable to End of Write lew | 100[ - | 10] - | 150] - | 200 | - [as 
Column Address Set-up Time liasw | of - | of - | of - | o[- | 
(to be continued) 
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HM65256B Series 


Column Address Hold Time after Write |t aw 


- HM65256B-12 


rman. | min | 
ec 
= 
ms 


= 
= 
an 
Ww 
v 
wn 
n 
w 
— 
° 


ar 
° 
=) 
o wv 
oS o 
fe 
= 
an 
w— 
we 
wa 
a 
w 
’ 
pon 
wn 
x 
= 
a 
wan 
y 
ws 
oN 
¥ 
w 
o 
S$ 
3 
= 


1 


wn 
< 
3 
ma 
} 


Item 


Data Valid to End of Write 

Data In Hold Time for Write tpH 
Output Active from End of Write 

Write to Output in High Z 

Transition Time (Rise and Fall) tr 
Refresh Command Delay Time ‘RFD 
Refresh Precharge Time trp 
‘A 
tFC 
AS 


wr 


| 8] 
| 20 | 
[of = Jo] 
fe Se sd 
ee 


= 
i 


w 


| 50} 3 
0 [> [60] 
30 = 39] 


[| min. | 
Ea eee 
3 es 


“= nN 
A wn wn 


wn 
2 
a 


Ww w 


Refresh Command Pulse Width for 


Automatic Refresh | 80 | ae | 80 | 


Automatic Refresh Cycle Time | - | 190] 


Refresh Command Pulse Width for Self tp 10000 | - | 10000 


10000 10000 | ns 


7 
* 


w 
-_ 
oO 


ns 


10000 - 10000 ns 


= 
ny 


Refresh Reset Time for Self Refresh |tprs | 160 | 190 | — | 310 | ns 
Refresh Period pa ae Rr ee ms 
Notes: 
(1) tenz, tonz and twrz are defined as the time at which the output achieves the open circuit conditions. 
(2) texz: to.z and tow are sampled under the condition of t7=5ns, and not 100% tested. 
(3) A write occurs during the overlap of a low CE and low WE. 
(4) If CE goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state. 
(5) If input signals of opposite phase to the outputs are applied in write cycle, OE or WE must disable output buffers 
prior to applying data to the device and data inputs must be floating prior to OE or WE turning on output buffers. 
(6) Vyy (min) and Vyyz (max) are reference levels for measuring timing of input signals. Also, transition times are meas- 
ured between Vz, and V7,. 
(7) An initial pause of 1 00us is required after power-up followed by a minimum of 8 initialization cycles. 


# TIMING WAVEFORMS 
© Read Cycle No. 1 (CE controlled) 


ea 
An Ar XAXM [TG 
— ema a ST COR NE 
es icra 0.0. 0, Cl | ane 


tre 







KKK KKK KKK KKK KKK KEKE RKKKRE 


tas 


{RCH 


ih ANN 


VV 
Dout XXXX) { Battou sR 
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HM65256B Series 


@ Read Cycle No.2 (OE controlled) 





reer eae 6.6.8 Co XK KX KX KKKXKKKKKKXXX KKK XY YX 
sire OOK 


BEA. AANA 


OE SS DLLLLLLLYLLLLLLLL 
Pa 


tOEA 
tOHZ tCHZ 


WRBRS: 
Dout XXX Bats oo ry 


@ Write Cycle No. 1 (OE Clock) 


tec 


tce ty 
CE 


see? KRW C* cocoonstoeneEaS XXXXE 








tas 
aan 
/\A/ 
Pan XX 4 OX KX 





ton fAHW 


ee —— ae | 


tocp 


oF | cipssst= AAA 





y, y, 
X ia a 
tCHz 
Vale, elas | 
Dout 00070 vaVaVavaVarava¥avata¥ 
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HM65256B Series 


© Write Cycle No. 2 (OE low fix) 


XY” —— a KKK AKAMA KAKA AKAM ee XX 
Saran ROE OO RE AY) 





Address ¥/ 
Ao~A7 4 


Address 
As~Ats 


Dout AAA, ARARARARAAASA 
VvVVYWWvyWYWYYVYYWw 


¢@ Static Column Mode Read Cycle 


Address 
Ao ~A?7 


Address 
A8&~ Al4 


oE es 


Dout 
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HM65256B Series 


@ Static Column Mode Write Cycle 




























CE 
Address LXER KK YK KKK 
Address os] | 
A&~Al4 
m YOON 777 ir 
«% JTL WA 
Pf pet bey Leis 
L | 
a twuz 
He LE MII AAAAS 


Dout AAV ZY VAY 


@ Automatic Refresh Cycle 





@ Self Refresh Cycle 
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HM658128 Series 


131,072-Word x 8-Bit High Speed Psuedo Static Ram 


The HM658128 Series has been converted to the HM658128A Series. 
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HM658128A Series 


131,072-Word x 8-Bit High Speed Pseudo Static RAM 


@ FEATURES 

e Single 5V (410%) 

* High speed 
Access time 


CE access time: 80/100/120 ns 


Cycle time 


Random read/write cycle time: 130/160/190 ns 


¢ Low power 
250 mW typ. Active 


350 UW typ. Standby (L-version, LL-version) 
e All inputs and outputs TTL compatible 


e Package 


32-pin dual-in-line plastic package 


32-pin SOP package 

32-pin TSOP package 
¢ Non multiplexed address 
512 refresh cycles (8ms) 
¢ Refresh functions 


LP/LLP-version: Address refresh, automatic 
refresh, self refresh 
DP-version: Address refresh, automatic refresh 


@ ORDERING INFORMATION 





HM658128ALP-8L 80 ns 
HM658128ALP-10L 100 ns 
HM658128ALP-12L 120 ns 
HM658128ALP-8 80 ns 
HM658128ALP-10 100 ns 
HM658128ALP-12 120 ns 
HM658128ADP-8 80 ns 
HM658128ADP- 10 100 ns 
HM658128ADP- 12 120 ns 
HM658128ALFP-8L 80 ns 
HM658128ALFP-10L 100 ns 
HM658128ALFP-12L 120 ns 
HM658128ALFP-8 80 ns 
HM658128ALFP- 10 100 ns 
HM658128ALFP-12 120 ns 
HM658128ADFP-8 80 ns 
HM658128ADFP-10 100 ns 
HM658128ADFP-12 120 ns 
HM658128ALT-8L 80 ns 
HM658128ALT-i0L 100 ns 
HM658128ALT-12L 120 ns 
HM658128ALT-8 80 ns 
HM658128ALT-10 100 ns 
HM658128ALT-12 120 ns 
HM658128ADT-8 80 ns 
HM658128ADT-10 100 ns 
HM658128ADT-12 120 ns 
HM658128ALR-8L 80 ns 
HM658128ALR-10L 100 ns 
HM658128ALR-12L 120 ns 
HM6581i28ALR-8 80 ns 
HM658128ALR-10 100 ns 
HM658128ALR-12 120 ns 
HM658128ADR-8 80 ns 
HM658128ADR-10 100 ns 
HM658128ADR-12 120 ns 


Package 


Plastic DIP Series 
(DP-32) 


525-mil 

32-Pin 

Plastic SOP Series 
(FP-32D) 


8mm x 20mm 
32-Pin 

Plastic TOSP Series 
(TFP-32D) 


8mm x 20mm 
32-Pin 

Plastic TSOP Series 
(TFP-32DR) 


(FP-32D) 





(TEP-32D) 


@ PIN DESCRIPTION 


Pin Name 
Ao-Al 6 
1/Oo-1/07 
RFSH 


QO 
tH 


alae 


<< 
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Function 


Address 
Input/Output 
Refresh 
Chip Enable 
Output Enable 
Write Enable 
Chip Select 
Power Supp! 
Ground 





HM658128A Series 


PIN ARRANGEMENT 
HM658128AP/AFP Series HM658128AT Series 





ONLhWN=|OOONDULWNH— 


aoaowninin 


OONOOARON — 


(Top View) 


(Top View) 


WN-OOONANSWNH = 





(Top View) 
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HM658128A Series 

























@ BLOCK DIAGRAM 
Ao 
MEMORY MATRIX 
(512 X 256) X8 
sie — 
fia Mel i a Pa ek Aa 
\/O90 rls a ee VO 
/O70 peal old Control [= Gn OES = 2 Decoder 
if Address Latch eae 
= aang 
i 
RFSHo 
ee Se Pulse Generator 
OF | Read Write Control | Write Control 
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HM658128A Series 


Pin Functions 


CE: Chip Enable (Input) 
CE is a basic clock. RAM is active when CE 
is low, and is on standby when CE is high. 


Address Inputs (Input) 

Ao-Ag is a row address and Ag—A16 is a 
column address. The entire address Ag-A16 
is fetched into RAM by the falling edge of 
CE. 


Ao-A 16: 


WE: Write Enable (Input) 
RAM is in write mode when WE is low, and 
is in read mode when WE is high. I/O data is 
fetched into RAM by the rising edge of WE 
or CE (earlier timing) and the data is written 
into memory cells. 


OE: Output Enable (Input) 
OE controls the output condition of the I/O 


pins. The I/O pins are active when OE is low, 


and are at high impedance when OE is high. 


RFSH: Refresh (Input) 
RAM goes into refresh mode when RFSH 
goes low in standby mode. (i.e., when CE is 
high). There are two refresh modes 
controlled by RFSH: automatic refresh and 
self refresh. 





CS: Chip Select (Input) 
RAM is active when CS is high. The CS 
signal is fetched into RAM by the falling 
edge of CE, and is held for one read/write 
cycle. 


Y/Oo-I/O7: Input/Output (Input and Output) 
These pins are data I/O pins. 


Refresh 


There are three refresh modes: address refresh, auto- 
matic refresh, and self refresh. 


(1) Address refresh 


Data is refreshed by accessing all 512 row addresses 
every 8 ms. A read is one method of accessing those 


_ addresses. Each row address (each of the 512 addresses 


Ao—Ag) must be read at least once every 8 ms. In 
address refresh mode, OE can remain high. In this case, 
the I/O pins remain at high impedance, but the refresh is 
done within RAM. 


(2) Automatic refresh 


Instead of address refresh, automatic refresh can be 
used. RAM goes to automatic refresh mode if RFSH fall 
while CE is high and it remains low for at least tFAp. 
One automatic refresh cycle is executed by one low 
pulse of RFSH. It is not necessary to input the refresh 
address from outside since it is generated internally by 
an on-chip address counter. 512 automatic refresh cycles 
must be done every 8 ms. 


(3) Self refresh 


Self refresh mode is suitable for data retention by 
battery. In standby mode, a self refresh starts automati- 
cally when RFSH stays low for more than 8 ps. Refresh 
addresses are automatically specified by the on-chip 
address counter, and the refresh period is determined by 
the on-chip timer. 

Automatic refresh and self refresh _are distinguished 
from each other by the width of the RFSH low pulse in 
standby mode. If the RFSH low pulse is wider than 8 us, 
RAM enters self refresh mode; if the RFSH low pulse is 
less than 8 us, it is recognized as an automatic refresh 
instruction. 


Notes on Using the HM658128A 


Since pseudo static RAM consists of dynamic cir- 
cuits like DRAM, it is more noise-sensitive than conven- 
tional SRAM. 














(1) If a short CE pulse of a width less than tcgé min is 
applied to RAM, an incomplete read occurs and stored 
data may be destroyed. Make sure that CE low pulses of 
less than tcE min are inhibited. Note that a 10 ns CE low 
pulse may sometimes occur owing to the gate delay on 
the board if the CE signal is generated by the decoding 
of higher address signals on the board. Avoid these short 
pulses. 


(2) A short RFSH low pulse may cause an incomplete 
refresh that will destroy data. Make sure that RFSH low 
pulses of less than trap min are also inhibited. 


(3) Start the HM658128A operating by executing at least 
eight initial cycles (dummy cycles) at least 100 us after 
the power voltage reaches 4.5V—5.5V after power-on. 
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HM658128A Series 


@ FUNCTION TABLE 


High-Z 


High-Z 
High-Z CS Standby 
High-Z Refresh 


Standby 





Note: 1. X means don’t care. 


@ ABSOLUTE MAXIMUM RATINGS 


Item Unit 
Terminal Voltage with Respect to Vss Vv 
Power Dissipation w 
Operating Temperature °C 
Storage Temperature °C 
Storage Temperature Under Bias °C 







Supply Voltage 


Input Voltage 


Note: 1. VjL min =-3.0 V for pulse width 10 ns. 


m@ DC CHARACTERISTICS (T, = 0°C to +70°C, Vcc = S5V + 10%) 


Parameter Symbol Min. Typ Max. Test Conditions Note 
Operating Power : > 
I CE=V SH=V 
Standby Power 2 Ps fe | im | eb aan 
Supply Current I A CE > Vcc -0.2V, L-version 
ae H RFSH = Vcc -0.2V LL-version 


200 
100 
F LL-version 
Supply Current in _— 
Self Refresh Mode I 100 200 A CE > Vcc -0.2V, L-version 
cC3 70 100 H RFSH <-0.2V LL-version 








IL] 


Input Leakage x Vec = 5.5V, 
Current " Vin = Vss to Vcc 
OE = Vin. 
A 
Vio = Vss to Vcc 


IoL = 2.1 mA 


Vv 
lou =—1 mA 


Output Leakage 


Current ILo 


VOL 


Output Voltage 
Vou 


jo) 
i‘ 
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HM658128A Series 


mi CAPACITANCE 


Test Conditions 


Input Capacitance 





Input/Output Capacitance 
Note: 1. This parameter is sampled and not 100% tested. 


@ AC CHARACTERISTICS (T, = 0 to 70°C, Vcc = SV + 10%) 


AC Test Conditions 
¢ Input pulse levels: 2.4V, 0.4V e Reference level: VoH = 2.0V, VoL = 0.8V 
¢ Input rise and fall times: 5 ns ¢ Output load: 1 TTL and 100 pF 


¢ Timing measurement level: 2.2V, 0.8V 


@ HITACHI 
388 Hitachi America, Ltd. ¢ Hitachi Plaza 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


HM658128A Series 











= ae a 
vol aain_[ Max {Min [Max [Min [Max 

Random Read or Write Cycle Time tRC Pa ae 190 ars 

Random Read Modify Write Cycle Time | trwce | 19 | — | 220 aa eee ee 

Chip Enable Access Time eae = a OT TT 

Output Enable Access Time Pe a ee ee ee ae ae ee 

Chip Disable to Output in High-Z_ | tcuz | 0 | 30 [| 0 | 30 | o | 35 [ns | 1,2 

Chip Enable to OutputinLow-Z | tz | 20 | — | 20 | — | 2 | — | os | 2 

Output Disable to Output in High-Z | tonz | — | 25 [| — | 25 | — | 30 | os | 1,2 

Output Enable to OutputinLow-Z | torz | o [| — [| o | — | o | — [ns] 2 

Chip Enable Pulse Width ice | som | 0p | Toons | 108 | 0m | ps | 

Chip Enable Precharge Time Se A OD a 

Address Set-up Time een i ee (ee Pe Paes ee 

Address Hold Time re ae ee a ee ee ee ee 

Read Command Set-up Time _—|_ rcs | 0 | — [| o | — | o | — | ns | 

Read Command Hold Time | mn | o [| — [| o [| — | o | — | ns | 

RFSH Hold Time ee ce Ae DEY SE eG C(O 

Chip Select Set-up Time cea ae ale eae SCC ae ee oe 

Chip Select Hold Time ICSH 30 ee er ee Oe 

Write Command Pulse Width twP 30 ea ee eae 

Chip Enable to End of Write | tcw {| so | — | wo | — | 120 | — | os | 

Data In to End of Write Lt WS | a 25 | et 229. | ae ee Ee 

Data In Hold Time for Write (DH ee ee eee 

Output Active from End of Write A Stowe gee tee eee ae ee ee ee ns 2 

Write to Output in High-Z ee ee ee ee ee ee ee 

Transition Time (Rise and Fall) | tr | 3 | s0_ | 3 | 0S] 350s 

Refresh Command Delay Time__ | tirrp_ | 40 | — | so | — | 6 | — | os | 

Refresh Precharge Time ae a a ee ee ee 

Refresh Command Pulse Width IRP =|} _—_|_aus_| =} sus |_| 

Saar [fem [om [om fom [om fom [ 

Automatic Refresh Cycle Time tFC ee ae ee 

cece f= [ett [=f [fe 

for Self Refresh 

Refresh Reset Time from Self Refresh Ea Sa ee 2 ese eee 

Rees Pei pwr |= |e | ~ fe | - | s Im it 


Notes: 1. tCHZ, tOHZ, and twHz define the time at which the output achieves the open circuit conditions under the condition of tT = 5 ns 

and not 100% tested. 

. tCHZ, tCLZ, tOHZ, tOLZ, tWHZ: and tow are sampled under the condition of tT = 5 ns and not 100% tested. 

A write occurs during the overlap of a low CE and low WE. Write end is defined at the earlier of WE going high or CE going high. 

. If CE goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state. 

. During this period, I/O pins are in the output state, therefore the input signals of opposite phase to the outputs must not be applied. 

. VIH (min) and Vy (max) are reference levels for measuring timing of input signals. Also, transition times are measured between 
VIH and VI. 

. An initial pause of 100 [Us is required after power-up followed by a minimum of 8 initialization cycles. 

. 512 cycles of burst refresh or distributed automatic refresh must be executed within 15 ps after self refresh, in order to meet the 
refresh specification of 8 ms and 512 cycle. 


DAnkwWN 


~~ 
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HM658128A Series 


@ READ CYCLE 


CE 


cs 


Address 
(A0-A16) 


tre 
toe tp 








tess 


mae URN ON ewe eueuene 


XXX | KKK KKK KKK 


tres tRCH 


a de 
MES: creer a 


tRHc tOEA 








<> 


HSS Sa I: 


isc tonz 


KOK vaaoaaoa SD} 
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HM658128A Series 


@ WRITE CYCLE (OE Clock) 


CS 


Address 
(Ao-A16) 


a 


ml 


RFSH 


Dout 








tess 


LLL} ce neni 


cate eee XXKKKKKK KAKI KK IKK 
LILLIA LL) ao PYAAAAN 
ad Est eae al 
a OR Ee 


] VV f Valid j 5 
OOK oaigin KYO 
tonz 
LV\LVZN /\INLNIAZLN/NES 
\VALY 


\ADAALLYA 
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HM658128A Series 


@ WRITE CYCLE (OE Low Fix) 


—— > 











CE ~ cc 


tess || tes 


ae | | aces amma 
oa KXQOR [TOK OOK KKK KKK 


; ie 


trHc 


Ol 
ArSH He AN) OEE 


tpw <— 
tbH 


By 0 GED <0. 


twuz 
— 


teLz 
Dout 


QO 
i¢p) 
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HM658128A Series 


@ READ-MODIFY-WRITE CYCLE 





CE A/F 


tcss | | tosy 


“T/T f (Fsseasansesnins saunas 
ores XXXL OK XKXAKK IX 


tacos ine 


TTA ea 


_ ALITTLE T 
= ee 














Z 
o 
ZmmE:S 
hz 




















toca ~«—ltou 
toLz ~. 4 
ap eed upto KY 
jae CHZ 
| <-> 


Pout AK vata Out P we: 
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HM658128A Series 


@ AUTO REFRESH CYCLE 





RFSH 





@ SELF REFRESH CYCLE 


CE 





RFSH 





@ CS STANDBY MODE 





CS 
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HM658512 Series 


524,288-Word x 8-Bit High Speed Pseudo Static RAM 


Features 
© Single 5 V(+ 10%) 
e High speed 
Access time 
CE access time ...............000. 80/100/120 ns 
Cycle time 
Random read/write cycle time ....... 130/160/190 ns 
e Low power 
Active: 250 mW (typ.) 
Standby: 200 nW (typ.) 
¢ Allinputs and outputs TTL compatible 
e Package 
32-pin dual-in-line plastic package 
32-pin SOP package 
* Non multiplexed address 
® 2048 refresh cycles (32 ms) 
¢ Refresh functions 
L/LL/LV-versSiOn. 60... cece eee Address refresh 
Automatic refresh 
Self refresh 


D-version........ 0.00. cece eee ee eee Address refresh 
Automatic refresh 


@ ORDERING INFORMATION 


Access Time 









HM658512LP-8 
HM658512LP- 10 
HM658512LP-12 


HM658512DP-8 














HM658512DP- 10 600 mil 
HM658512DP- 12 32 pin 
HM658512LP-8L Plastic DIP 
HM658512LP-10L (DP-32) 


HM658512LP-12L 


HM658512LP-8LV 
HM658512LP-10LV 
HM658512LP-12LV 


HM658512LFP-8 
HM658512LFP- 10 
HM658512LFP- 12 


HM658512DFP-8 
HM658512DFP- 10 

























HM658512DFP- 12 32 pin 
Plastic SOP 
HM658512LFP-8L (FP-32D) 


HM658512LFP- 10L 
HM658512LFP-12L 


HM658512LFP-8LV 
HM658512LFP-10LV 
HM658512LFP- 12LV 
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(DP-32) 


(FP-32D) 





@ PIN ARRANGEMENT 


OOanN DOO fF WN — 









Function 


Address 






Input/Output 
Chip Enable 
Output Enable/Refresh 
Write Enable 
Power Supply 
Ground 
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HM658512 Series 
@ BLOCK DIAGRAM 


CE 
OE/RFSH 
WE 


Pin Functions 


CE: Chip Enable (Input) 


CE is a basic clock. RAM is active when CE is low, and is on standby 
when CE is high. 


Ao~Aig: Address Inputs (Input) 


Ao-A io is a row address and A j|~Ajg is a column address. The entire 
address Ag-Ajg is fetched into RAM by the falling edge of CE. 


WE: Write Enable (Input) 


RAM is in write mode when WE is low, and is in read mode when WE 
is high. I/O data is fetched into RAM by the rising edge of WE or CE 
(earlier timing) and the data is written into memory cells. 


OE/RFSH: Output Enable/Refresh (Input) 


This pin has two functions. Basically it works as OE when CE is low, 
and as RFSH when CE is high (in standby mode). After a read or write 
cycle finishes, refresh does not start if CE goes high while OE/RFSH is 
held low. In order to start a refresh in standby mode, OE/RFSH must go 
high to reset the refresh circuits of the RAM. After the refresh circuits 
are reset, the refresh starts when OE/RFSH goes low. 





1/O9-1/O;: Input/Output (Inputs and Outputs) 
These pins are data I/O pins. 


Read Write Control! 








Memory Matrix 
(2048x256)x8 


Refresh 


There are three refresh modes: address refresh, automatic refresh, and 
self refresh. 


(1) Address refresh 

Data is refreshed by accessing all 2048 row addresses every 32 ms. A 
tead is one method of accessing those addresses. Each row address 
(2048 addresses of Ag-A4p) must be read at least once every 32 ms. In 
address refresh mode, OE/RFSH can remain high. In this case, the I/O 
pins remain at high impedance, but the refresh is done within RAM. 


(2) Automatic refresh 

Instead of address refresh, automatic refresh can be used. RAM goes to 
automatic refresh mode if OE/RFSH falls while CE is high and it 
remains low for at least trap One automatic refresh cycle is executed by 
one low pulse of OE/RFSH. It is not necessary to input the refresh 
address from outside since it is generated internally by an on-chip 
address counter. 2048 automatic refresh cycles must be done every 
32 ms. 


(3) Self refresh 

Self refresh mode is suitable for data retention by battery. In standby 
mode, a self refresh starts automatically when OE/RFSH stays low for 
more than 8 ys. Refresh addresses are automatically specified by the 
on-chip address counter, and the refresh period is determined by the 
on-chip timer. 
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Automatic refresh and self refresh are distinguished from each other by 
the width of the OE/RFSH low pulse in standby mode. If the OE/RFSH 
low pulse is wider than 8 ys, RAM changes into self refresh mode; if 
the OE/RFSH low pulse is less than 8 ys, it is recognized as an 
automatic refresh instruction. 


Notes on Using the HM658512 


Since pseudo static RAM consists of dynamic circuits like DRAM, it is 
more noise-sensitive than conventional SRAM. 


(1) If a short CE pulse of a width less than tcg min. is applied to 
RAM, an incomplete read occurs and stored data may be destroyed. 
Make sure that CE low pulses of less than tcg min. are inhibited. Note 
that a 10 ns CE low pulse may sometimes occur owing to the gate delay 


@ FUNCTION TABLE 


HM658512 Series 


on the board if the CE signal is generated by the decoding of higher 
address signals on the board. Avoid these short pulses. 


(2) OE/RFSH works as refresh control in standby mode. A short OE/ 
RFSH low pulse may cause an incomplete refresh that will destroy data. 
Make sure that OE/RFSH low pulses of less than tgap min. are also 
inhibited. 


(3) tonic and _tocp are the timing specs which distinguish the OE 
function of OE/RFSH from the RFSH function. The toyc and tocp 
specs must be strictly maintained. 


(4) Start the HM658512 operating by executing at least eight initial 
cycles (dummy cycles) at least 100 ys after the power voltage reaches 
4.5V-5.5V after power-on. 





NOTE: 1. X means don’t care. 


@ ABSOLUTE MAXIMUM RATINGS 


Terminal Voltage with Respect to Vs 
Power Dissipation 

Operating Temperature 

Storage Temperature 


Storage Temperature Under Bias 


z 


a 


0 to +70 °C 
-55 to +125 °C 


@ RECOMMENDED DC OPERATING CONDITIONS (Ta = 0°C to +70°C) 






Supply Voltage 


Input Voltage 


NOTES: 1. Vi_ min. = -3.0V for pulse width 30 ns. 







@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 397 





HM658512 Series 





@ DC CHARACTERISTICS (T, = 0°C to +70°C, Voc = 5V + 10%) 


Current in Self Refresh Mode CE = Vcc -0.2V 


Parameter Typ. | Max. | Unit | Test Conditions 
Operating Power Supply Current [ — | 75 | ma | Ivo = 9, toye = min. 
Standby Power Supply Current = 200 CE = Vec -0.2V 
100*2 OE/RFSH = Vcc -0.2V. Vix = OV 
Operating Power Supply 


OE/RFSH < 0.2V Viy Vin = OV 


Input Leakage Current lu Voc = 5.5V, Vin = Vss to Vcc 


Poesia 

BA OE = Vin, Vio = Vss to Vcc 
_o4 |v | 
Sv 





| Min. | 
ea 
Lea 
P= tema CE = Vy, ORFS = Vy, Vin = OV 
Output Leakage Current 1s 
Vv lo, = 2.1 mA 
M Ion = -1 mA 


Output Voltage 


NOTES: 1. Only for L-Version. 
2. Only for LL/LV-Version. 


@ CAPACITANCE 


Test Conditions 


Input Capacitance 





Input/Output Capacitance 


NOTE: |. This parameter is sampled and not 100% tested. 


@ AC CHARACTERISTICS (T, = 0 to 70°C, Vcc = 5V + 10%) 


Test Conditions 


Input pulse levels: 2.4V, 0.4V 

Input rise and fall times: 5 ns 

Timing measurement level: 2.2V, 0.8V 

Reference level: Von = 2.0V, Vo, = 0.8V 
Output load: 1 TTL and 100 pF 
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HM658512 Series 


@ AC CHARACTERISTICS (T, = 0 to 70°C, Vcc = SV + 10%) 


HM658512-8 HM658512-10 | HM658512-12 


Item Symbo Unit Note 


Random Read or Write Cycle Time 


algls 
A a 























| Min. | Max. | Min. | Max. | Min. | 

Pao f= pet — Pmt — fo] 
Chip Enable Access Time EA | — | 8s | — [| wf — | 120 | ons | 
Read-Modify-Write Cycle Time | 190 | — | 220 | — | 260 | — | as | 
Output Enable Access Time toga / = {| 3 [ —~ | 4 | - | 50 | ns | 
Chip Disable to Output in High-Z txz | 0 | 25 | 0 | 25 | o | 30 | ms | 1 
Chip Enable to Output in Low-Z tiz | 20 | ~ | 2 | — | 2 | — [5 | 2 
Output Disable to Output in High-Z tonz | = | 25 | _ 25 | — | 30 | as | I 
Output Enable to Output in Low-Z toLz fo | — | o | — | o [| = | ns | 2 
Chip Enable Pulse Width tce | 80ns | ps | 100ns | 10us | 120ns| ys | | 
Chip Enable Pre-Charge Time tp | 40 | — [| so | — | o | — | ns | 
Address Hold Time tox {| 20 | — | 25 Es 30 | — | ns | 
Read Command Setup Time tres po | —- | o | - [ o | — | os | 
Read Command Hold Time tRcH 0 ee eee 
Write Command Pulse Width twp 25 | 30 | — | 35 | — | as | 
Chip Enable to End of Write tw | 80 | — | 100 20 | — | ns | 
Chip Enable to Output Enable Delay Time ee fis | 0 = 0 | — | ns | 
Output Enaole Hold Time Gi 15 is | — | os | 
Data in to End of Write tpw | 20 | — | 25 _ | 30 | — | ns | 
Data in Hold Time for Write tan | — | fo | — | ns | 


2 
: 
Bl 
: 


Output Active From End of Write 


Write to Output in High-Z 


| 
w 


Transition Time (Rise and Fall) tr 3 50 3 50 
Refresh Command Delay Time trep | 40 | — | 50 _ 60 | — | ns | 


4 
x 
5 
So 
- 
So 
| 
PS 
3 


Refresh Precharge Time 
Refresh Command Pulse Width for Automatic Refresh 








trap 8 us 80 ns 8 us 80 ns 


of 
eae 0 | 
ie ee 
View [oo | — [orl — [a [= [oe 4 
= [= Ls Pai 









Automatic Refresh Cycle Time 

Refresh Command Pulse Width for Self Refresh 
Refresh Reset Time From Self Refresh 

Refresh Period 

NOTES: 








tREF = 32 
tCHz, tonz and twuz are defined as the time at which the output achieves the open circuit condition. 


. {CLZ, toLz and tow are sampled under the condition of tr = 5 ns and not 100% tested. 


f, 

2 

3. A write occurs during the overlap of low CE and low WE. 

4. If the CE low transition occurs simultaneously with or latter from the WE low transition, the output buffers remain in high impedance state. 
5 


. In write cycle, OE or WE must disable output buffers prior to applying data to the device and at the end of write cycle data inputs must be Qoated prior to OE or WE 
turning on output buffers. 


n 


. Transition time tt is measured between Vin (min.) and Vi (max.). 
After power-up, pause for more than 100 xs and execute at least 8 initialization cycles, preferably as 8 refresh cycles. 


aon 


. 2048 cycles of burst refresh or distributed automatic refresh must be executed within 15 ys after self refresh, in order to meet the refresh 
specification of 32 ms and 2048 cycle. 
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HM658512 Series 





B TIMING WAVEFORMS 











e Read Cycle : 
Best ne eeaee 7 

AS taH a 
itis ek 
— ie t 
me Zale ae Fe SSNS 
_ gt HORA 
OP/RFSH . AEE AEE EZ 


e--——»| toHz 


__toHz 


Dout 





* Write Cycle (OE High) 
tro 





CE 





giao 


Address 


A0 to A18 

: 
OB/AFSH 2207) a SO 
Din 4 Valid = a 























a tous 
tCLz ~<_—» tog aii =~ 
Dout 
* Write Cycle) (OE Low) 
tre a 
CE tp 
tas 
Address 
AD to A18 cS tC 
tou 
OE/RFSH e.< 
DH 
Din CO%E___Valid_ KX 
toiz 
twHz 
Dout CECCCCCE’ 
<KXX> Not Valid 
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HM658512 Series 





¢ Automatic Refresh Cycie 
t 


= trFD FC t 
pg eec ans HO. 

i 5 ye Pe esl DZ a 

OE/RFSH 


° Self Refresh Cycle 


t tars 


— 7 RFD | 
CE tep tras 
OE/RFSH ZZ” ht 4, 


© Read-Modify-Write Cycle 

















ee ni To Vers 
CE 
= ———— 
Vali 
Address S valid __ 
AO to A18 _tres_ baile 
WE oe ec et 
OE/RFSH 
toxc pS 
tow |<<» 
Din r Valid = 
ee tonz 
Dout eat CCS, 





¢ Low Vcc Data Retention Characteristics Ta=0 to 70°C. This characteristic is guaranteed only for LV-version. 


Item Symbol Min. Typ. Max. Unit Test Conditions 
Vcc for data retention VpR 4.0 — = Vv 
Self refresh current IccprR 50 pA Vec=4.0 V 


CE = Vcc -0.2 V 
OE/RFSH < 0.2 V 
Vin =O0OV 

100 pA Vcc =5.5V 
CE = Vcc -0.2 V 
OE/RFSH < 0.2 V 


20V 
Refresh setup time tps 0 ns 
Operation recovery time tpR 5 ms 
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HM658512 Series 


¢ Low Vcc Data Retention Timing Waveform 


Data retention mode 


Voc 
4.5V 


CE 
2.4V 
0.8V 






trrs_ |(Read/Write) 


OE/RFSH 
2.4V 


0.8V 
(Automatic Refresh) 


Notes: 1. tp (rise time), tp (fall time) of power supply voltage must be smaller than 0.05 V/ms. 
2. Keep CE = Vcc -0.2 V during data retention mode. 
3. Regarding trrp, trp tas and ters, refer to AC characteristics. 
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Section 5 
ECL RAM 
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HM10494 Series 


16384-word x 4-bit Fully Decoded Random Access Memory 


Description 


The HM104S4 is ECL 10K compatible, 16384-word by 4-bits 
read/write random access memory developed for high speed systems 
such as scratch pads and control/buffer storage. 


Features 
* 16384-word x 4-bit organization (FG-28D) 
* Fully compatible with 10K ECL level 

¢ Address access time: 10/12 ns (max) 

* Write pulse width: 6 ns (min) 

* Low power dissipation: 800 mW (typ) 

* Output obtainable by wired-OR (open emitter) 


Ordering Information 





Type No. Access Time Package (DG-28N) 
HM10494-10 10 ns 400 mil 28 pin Cerdip 

HM 10494-12 12 ns (DG-28N) 

HM10494F-10 10 ns 28 pin Ceramic Flat 

HM10494F-12 12 ns (FG-28D) 


Function Table 








CS “ee Din Output Mode 
H x x L Not Selected 
L L L L Write “0” 
L L H L Write “1” 
L H x Dout”! Read 
Notes: x; Irrelevant *1; Read Out Noninvert 


Biock Diagram Pin Arrangement 





Memory Cell Array 
16384 words  4bits 


S 
> 
‘cE 
a 
5 
& 
iD 
bad 


Block 1 Block 2 Block 3 


(Top View) 
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Absolute Maximum Ratings (Ta = 25°C) 


HM10494 Series 





Item Symbol Rating Unit 
Supply Voltage Vee to Vcc +0.5 to -7.0 V 
Input Voltage Vin +0.5 to Vee V 
Output Current lout ~30 mA 
Storage Temperature Tstg -65 to +150 ss 
Storage Temperature Tstg (Bias)*! —55 to +125 °C 
Note: *1; UnderBias 
Electrical Characteristics 
DC Characteristics (Vex = -5.2V, Rt = 50Q to -2.0 V, Ta = 0 to +75°C, air flow exceeding 2 m/sec) 
Item Symbol Min(B) Typ Max(A) Unit — Test Conditions 
-1000 —  -840 0°C 
Von -960 — -810 +25°C 
Output Voltage a — — mV Vin = Vina or Vita ee 
VoL ~1850 — -1650 +25°C 
~-1830 — ~-1625 +75°C 
-10200 — —_ 0°c 
Vouc -9830 — —_ +25°C 
oO, 
Output Threshold Voltage = ay re mV Vin = Vm or Vita ae 
Voice — — -1630 +25°C 
— —  -1605 +75°C 
-1145 — -840 Guaranteed Input Voltage 0°c 
Vin -1105 — -810 High for All Inputs +25°C 
~1045 —  -720 +75°C 
Hipat Voltage -1870 — -1490 a Guaranteed Input Voltage 0°C 
Vi -1850 — -1475 Low for All Inputs: +25°C 
-1830 — -1450 +75°C 
In _- — 220 Vin = Vina 0 to +75°C 
Input Current In. “ = = LA Vin=Vu = = 0 to +75°C 
-180 — — All Inputs and Outputs Ta=0°C 
Supply Current lee — 430 — — mA Open Tan75°C. 
AC Characteristics (Vir = -5.2 V + 5%, Ta = 0 to +75°C, air flow exceeding 2 m/sec) 
Read Mode 
HM10494-10 HM10494-12 - 
Item Symbol Min Typ Max. Min Typ Max Unit Test Conditions 
Chip Select Access Time tacs _-_ — 6 — — 8 ns 
Chip Select Recovery Time tRCS - — 6 — — 8 ns 
Address Access Time tAA _- — 10 — — 12 ns 
@ HITACHI 


Hitachi America, Ltd. © Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 405 


HM10494 Series 


Write Mode 
HM10494-10 HM10494-12 : a 
te: Symbol —————— Test Condit: 
Item y Min Typ. Max Min Typ Max Unit est Conditions 
Write Pulse Width tw 6 ~ _— 8 — — ns twsa = twsA min 
Data Setup Time twsp 2 — — 2 — — ns 
Data Hold Time twHD 2 = _ 2 — — ns 
Address Setup Time twsa 2 — _— 2 —- — ons tw = tw min 
Address Hold Time tWHA 2 —_ — 2 — — ns 
Chip Select Setup Time twscs 2 — _— 2 — — ns 
Chip Select Hold Time tWHcs 2 — — 2 — — ns 
Write Disable Time tws — — 6 — — 8 ns 
Write Recovery Time twR — —_ 120 — — 14 ns 
Rise/Fall Time 
Item Symbol Min Typ Max Unit Test Conditions 
Output Rise Time tr — 2 — ns 
Output Fall Time tf — 2 — ns 
Capacitance 
Item Symbol Min Typ Max Unit Test Conditions 
Input Capacitance Cin — 3 — pF 
Output Capacitance Cout — 5 —_ pF 
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Test Circult and Waveforms 


Loading Condition 


Test Circuit 
O Vcc(GND) 


C. 


Ri =50Q 
C.=30pF 
(Includes probe 
and jig capacitance) 


Read Mode 


Write Mode 





HM10494 Series 


Input Pulse 


@09V -----= 5 


tp = t,=2.0ns typ. 


Address 
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HM10490 Series 


65536-Words x 1-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 


The HM10490 is ECL 10K compatible, 65536-words by 1-bit read/ 
write random access memory developed for high speed systems 
such as scratch pads and control/buffer storage. 

@ FEATURES 


© 65536 x 1 Bit Organization 
¢ Fully Compatible with 10K ECL Level 





© Address Access Time .......... cece cece eae 10/12ns (max.) 
© Write Pulse Width ...... 0.0... cece eee eee 6/8ns (min.) 
© Low Power Dissipation ........... 0.0.0 eevee 570mW (typ.) 


© Output Obtainable by Wired-OR (Open Emitter) 
@ ORDERING INFORMATION 


Type No. Package 
HM10490-10 300 mil 22 pin Cerdip 
HM10490-12 (DG-22N) 





@ BLOCK DIAGRAM 


Ao Ay A2 Ag Ary Aig Ara Ais 





Y—Decoder/Driver 









Memory Cell Array 
65536 words x 1 bit 






X—Address/Decoder 





NOTES: X = Irrelevant; 
* = Read out noninvert 


Din Dout 
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HM10490 Series 
@ ABSOLUTE MAXIMUM RATINGS (T, = 25°C) 


fem Uni 
Supply Voltage v 
Input Voltage v 
Output Current ae ee ee ee mA 
Storage Temperature ze 
Storage Temperature °C 


NOTE: * = Under bias. 


@ DC CHARACTERISTICS (Veg = 95.2V, Ry = 500 to 62.0V, T, = 0 to +75°C, air flow exceeding 2m/sec.) 






Max.(A) [Uni 
[oe | e100 | — | 0840 | 






4256 | 0960 | — | e800 
ee [+756 [e900 | — | 0720 | 






Output Voltage mV 
















7 425°¢ | 61850 | — | ©1650 
P_+75°¢ | ©1830 | — | 01625 
Lee. | ena 2 
e980 |-| — | 
Output Threshold Voltage Vin = Vinp OF Vina a ©920 =| 
eee ene 
P +7sec_| — | — | 6160s 
pecan ey (Oe: | SOIMS | ne [OEM 
t t Volta : 

Goaranteed Kapur Nelinge | g2°¢_[ ems | — | es 

Input Voltage | +75°C__ | 01045 | — | 0720 
ial poe Pew | — | ons 
Chuarantoed input Nolage [425° | 01850 | — | 0075 | 
P+7s°¢ | 61830 | — | ©1450_ 





Input Current 






Supply Current 


m@ AC CHARACTERISTICS (Vgp = 05.2V + 5%, T, = Oto +75°C, air flow exceeding 2m/sec.) 
1. Read Mode 










Unit 


HM 10490-10 HM 10490- 12 
Min 










Min. [ Typ. [ Max.| Min. | Typ.| Max. 
Chip Seles Access Time | tucs | -|-i|-j|«i{—|—| 8 | 
Chip Select Recovery Time lites | i 
Address Access Time ita | dE = 
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HM10490 Series 


2. Write Mode 


lem [Symbol _[ Test Condition —_| Min, | Typ. | Max.| Min_| Typ. | Max_| Uni 
Write Pulse Width a aa ae (ae ee 
Data Setup Time a fe ee 
Data Hold Time fees I res eer eee ns 
Address Setup Time | twsa [tw=twmin, | 2 [| - |- | 2 |-|- | as 
Address Hold Time f2},—{/—{[2]/—]—-] ns 
Chip Select Setup Time P22 }- 1-2 )]-]- [ss 
Chip Select Hold Time P2}—-j;—[2/[—]—-] ns 
Write Disable Time | tws | f}— {—-/6{/—}]—] 8 | ns 
Write Recovery Time | twe | Pa Ee ae eee 


3. Rise/Fail Time 


[Symbol_| ‘Test Condition | Min, | Typ. | Max. 
a ea 


Output Rise Time 


Late 
Output Fall Time 


4. Capacitance 





Syl [ist Codon [Mins Typ. [a] 
Input Capacitance Cin 
Output Capacitance 





@ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 2. Input Pulse 


Voc (GND) 
C) 





@1.7V 
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HM10490 Series 


3. Read Mode 


50% 


50% 





4. Write Mode 


cs 


Address 


Din 
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HM10500 Series 


262,144 Words x 1-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 


HM10500-15 is ECL 10K compatible, 262,144-words x 1-bit, read/ 
write random access memory developed for high speed systems 
such as main memories for super computers. 

@ FEATURES 


® 262,144-words x 1-bit Organization 
¢ Fully Compatible with 10K ECL Level 


e Address Access Time......... 00.0 cece eee neers 15ns (max.) 
@ Write Pulse Width .. 0.0.0... cece ee eens 10ns (min.) 
© Low Power Dissipation ......... 0... cece eeeee 520mW (typ.) 


¢ Output Obtainable by Wired-OR (Open Emitter) 
@ ORDERING INFORMATION 


300 mil 24 pin 
HM10500-15 Cerdip (DG-24V) 





@ FUNCTION TABLE 


Not Selected 


Write ‘‘0”" 
Write ‘‘1"° 





(Top View) 





NOTES:  X = Irreievant 
*) = Read Out Noninvert 
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HM10500 Series 
@ BLOCK DIAGRAM 





















A 


a 
i ta! | MEMORY 
: mt! | CELL ARRAY 
2° 
‘ Par 256 X 1024 D. 
( xO 
Ay 
SENSE AMP rare 
an W CS 
CONTROL WE 
Y-ADDRESS 
DECODER D, 
ye ry 
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HM10500 Series 


Absolute Maximum Ratings (Ta=25°C) 




















item Symbol Rating Unit 

Supply Voltage Veg tO Veg +0.5 to -7.0 Vv 

Input Voltage Vin +0.5 to Veg Vv 

Output Current lege —30 mA 

Storage Temperature T stg —65 to +150 °c 

Storage Temperature Tse (Bias)* —55 to +125 °c 
* Under Bias 


Electrical Characteristics 


DC Characteristics (Vep=—5.2V, Ry =50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 




















Item Symbol min(8) typ max{A) Unit Test Condition 
—1000 - —840 oC 
ee eae ae ee 
—900 - —720 +75°C 
Output Voltage een ea os ee mV Vin™Vina Of Virg ae 
Vo. -1850 - 1650 +28°C 
“=1830 — 1625 +75°C 
-1020 0 = a 0c 
ee a ae 
aoe - pa +75° 
aie eae et Sa eae Nan ie OP ices — 
ee ee ein ae 
- - —1605 +78°C 
-1145 - —840 0c 
Min _ci0s 810 ightoranicgue tt _ 428% 
Input Voltage NES ks mV didi 
~1870 9 — —1490 o°c 
Vit ae alee ee 
-1830  — ~-1450 +75°C 
lia ~- - 220 Vin Vina 0 to +78°C 
Input Current as nas | | ae cs . 
Me yo en 0 to +75°C 
sal coment Nee pp Fatt ee 





AC Characteristics (Vpp=—5.2V25%, Ta=0 to +75°C, air flow exceeding 2m/sec) 











Read Mode 
Item Symbol min typ max Unit Test Condition 
Chip Select Access Time tacs - ~_ 15 ns 
Chip Select Recovery Time tacs - - 10 ns 
Address Access Time tan - - 15 ns 
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HM10500 Series 






































Write Mode 
Item Symbol min typ max Unit Test Condition 
Write Pulse Width tw 10 - - ns twsaz2ns 
Data Setup Time twsp 2 - - ns 
Data Hold Time twHo 3 - - ns 
Address Setup Time twsa 2 - - ns tw=10ns 
Address Hold Time tWHA 3 - - ns 
Chip Select Setup Time twscs 2 - ~ ns 
Chip Select Hold Time tWHCs 3 — ~ bie 
Write Disable Time tws _ - 10 ns 
Write Recovery Time twr - - 18 ns 

Rise/Fall Time 
Item Symbol min typ max Unit Test Condition 
Output Rise Time tr - 2 - ns 
Output Fall Time te - 2 ee ns 

Capacitance 
item Symbol min typ max Unit Test Condition 
Input Capacitance Cin - 3 - pF 
Output Capacitance Cout - 5 - pF 
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HM10500 Series 





Test Circuit and Waveforms 


Loading Condition Input Pulse 
© VedGND) 
-09V———- -~- 


R, =509 
Cy = 30pF 
{Inctudes probe 
and jig capacitance) 


Address 


Address 
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HM100494 Series 


16384-word x 4-bit Fully Decoded Random Access Memory 
Description 


The HM100494 is ECL 100K compatible, 16384-word by 4-bits 
read/write random access memory developed for high speed systems 
such as scratch pads and control/buffer storage. 


Features 

* 16384-word x 4-bit organization 

* Fully compatible with 100K ECL level 

« Address access time: 10/12 ns (max) 

¢ Write pulse width: 6 ns (min) 

* Low power dissipation: 650 mW (typ) 

* Output obtainable by wired-OR (open emitter) 





Ordering Information (DG-28N) 
Type No. Access Time Package 
HM 100494-10 10 ns 400 mil 28-pin Cerdip 
HM 100494-12 12 ns (DG-28N) 
HM 100494F-10 10 ns 28-pin Ceramic Flat 
HM 100494F-12 12 ns (FG-28D) = 
Function Table 
Input 
Cs WE Din Output Mode 
H x x L Not Selected 
L L L L Write “0” 
L L H L Write “1” 
L H x Dout"! Read 
Notes: x; Irrelevant *1; Read Out Noninvert 
Block Diagram Pin Arrangement 


Memory Cell Array 
16384words x 4bits 


t 

S 
ct 
i=] 
Pi 

F 
a 
~ 





Block 1 Block 2 Block 4 


R/W R/W R/W R/W 
Circuit Circuit Circuit Circuit 


O 0 0 © 


OO O O 
DIt DO! DI2 DO2 DIZ DO3 DI4 DO 





(Top View) 
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HM100494 Series 


Absolute Maximum Ratings (Ta = 25°C) 




















Item Symbol Rating Unit 
Supply Voltage Vee to Vcc +0.5 to -7.0 Vv 
Input Voltage Vin +0.5 to Vee Vv 
Output Current Tout -30 mA 
Storage Temperature Tstg -65 to +150 °C 
Storage Temperature Tstg (Bias)!” —55 to +125 °C 7 





Note: ‘*1: UnderBias 


Electrical Characteristics 
DC Characteristics (Ves = -4.5 V, Rt = 50Q to -2.0 V, Ta = 0 to +85°C, air flow exceeding 2 m/sec) 
































Item Symbol Min (B) Typ Max (A) Unit Test Condition 

Vou ~1025 -955 -880 mV 
Output Voltage Vo. -1810. 1715-1620. mv Vin= Viwaor Vip 

Vorc -1035 — — mV : 
Output Threshold Voltage Vou — > eg mV Vin = Vine or Vita 
Input Voltage Vin ~1165 — -880 mV Guaranteed Input Voltage 

Vi -1810 = -1475 mV High/Low for All Inputs 

In — — 220 LA Vin = Vina 

ae CS 
Input Current In 0.5 170 BA Vin = Vib 
-50 — — Others 

Supply Current lee -180 — 2 mA All Inputs and Outputs Open 


AC Characteristics (Vee = 4.5 V + 5%, Ta = 0 to +85°C, air flow exceeding 2 m/sec) 























Read Mode 
HM100494-10 HM100494-12 ; a 
Item 7 Symbol Min Typ Max Min Typ Max Unit Test Condition 
Chip Select Access Time tAcs _- — 6 — _— 8 ns 
Chip Select Recovery Time tRcs _ — 6 — — 8 ns 
Address Access Time tAA —- — 10 — — 12° ns 
Write Mode 
HM100494-10 HM100494-12 3 
Symbol i Test Condit 
ie ymve" “Min Typ Max Min Typ Max “™t = *est{oneinon 
Write Pulse Width tw 6 — —_— 8 — — ns twsaA = twsA min 
Data Setup Time twspD 2 — — 2 — — ns 
Data Hold Time twHD 2 — —_ 2 — — ns 
Address Setup Time twsa 2 — _ 2 —- — 4s tw = tw min 
Address Hold Time tWHA 2 _— —_ 2 — — ~ ns 7 
Chip Select Setup Time twscs 2 — —_— 2 — — ns 
Chip Select Hold Time twHCs 2 — — 2 —- — ns 
Write Disable Time tws — _— 6 — — 8 ns 
Write Recovery Time twR — — 120 — — 14 ns 
© HITACHI 
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HM100494 Series 


Rise/Fall Time — 
Item Symbol Min Typ Max Unit Test Condition 
Output Rise Time tr — 2 _ ns 
Output Fall Time tf — 2 — ns 
Capacitance 
Item Symbol Min Typ Max Unit Test Condition 
Input Capacitance Cin — 3 — pF 
Output Capacitance Cout _ 5 — pF 
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HM100494 Series 





Test Circuit and Waveforms 


Loading Condition input Pulse 


Test Circuit 
O Vec(GND) ©09v ~----- 5 


C, 
t, = ty=2.0ns typ. 
Ri =50Q 
O Ci =30pF 
L Vee O20v (Includes probe 


and jig capacitance) 


O.0luF 


Read Mode 
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HM100504 Series SS Preliminary 


65,536-Words x 4-Bit Random Access Memory 


m@ DESCRIPTION 


The Hitachi HM100504 is ECL 100k compatible, 
65,536 words by 4 bits read/write random access 
memory developed for high speed systems such as 
cache and control/buffer storage. 





@ FEATURES 
65,536-words x 4 bit organization FG-28DA 
Fully compatible with 100k ECL level 

0.8 um Hi-BiCMOS process 

Address access time: 10/12 ns (max.) @ PIN ARRANGEMENT 
Write pulse width: 7/9 ns (min.) 

Low power dissipation: 500 mW (typ.) HM100504 Series 
Output obtainable by wired-OR (open emitter) 


_ 


@ ORDERING INFORMATION 


Access Time 


10 ns 
12 ns 














Package 


28 pin Ceramic Flat 


“1 
sleecene cen (30 mil Lead Pitch) 





2 
3 
4 
HM100504F-12 FG-28DA 5 
@ PIN DESCRIPTION 
Pin Name Function : 
Ao-A15 Address Input 2 
D10-D13 Data Input ? 
Doo-Do3 Data Output 
WE Write Enable 
CS Chip Select 
Vcc Ground 
VEE Supply Voltage 


(Top View) 





@ BLOCK DIAGRAM 
A7 Ag As Ag Ai2 Ars Arg Ars 
OOO 6: O O:C°:0 


a ae 


Memory Cell Array 
65536 words x 4 bits 


he 
o 
2 
= 
€ 
oO 
DO 
3 
a 
x< 





Block 1] Block 2] Block 3 | Block 4 


Circuit Circuit Circuit Circuit 
OO OO OO © 


O 
Dio Doo Dy Dor Dig Doe Dig Dog 
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HM100504 Series 


@ FUNCTION TABLE 
Input 
—— — Output Mode 
CS ee ee 
H Not Selected 
L Write "O° 
L Write" 
L Read 
Notes: 1. Irrelevant 
2. Read Out Noninvert 
m@ ABSOLUTE MAXIMUM RATING (Ta = 25°C) 
Item Unit 
Supply Voltage Vv 
input Voltage Vin Vv 
Output Curren fea es ee eee mA 
Storage Temperature °C 
Storage Temperature °C 


Note: 1. Under bias (VEE = 6.0V min.) 


@ ELECTRICAL CHARACTERISTICS 
e DC Characteristics (VEE = —4.5V, RL = 50Q to —2.0V, Tc = 0 to +85°C) 


VOLC 


Item Symbol Min (B) Max (A) Test Condition 

Output Voltage Vou ele ed Vin = VIHA or VILB 
OL -1810 —1715 -1620 

Output Threshold Voltage VOHC a Vin = VIHB or VILA 


—880 Guaranteed Input Voltage 


VIH ~1165 


Input Voltage 


ee ee 





VIL _1810 1475 mV High/Low for All Inputs 
# = Vine Vina 
Input Current * i i. = 170 Vin = ViLB (CS) 
=e ea Tin= Vi (thes) 
All Inputs and 
Supply Current TEE —180 Outputs Open 


@ AC CHARACTERISTICS (VEE =-4.5V + 5%, Tc = 0 to +85°C) 
e Read Mode 









Test Condition 


Select Access Time 
Chip Select Recovery Time 
Address Access Time 
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HM100504 Series 





¢ Write Mode 

oa enenee 
ni alas ca LAE pola eee 
Write Pulse Width | _ns_|twsa= tWSA min 
Data Setup Time Sa ae ee ee 

Data Hold Time wap tt te te tt | = | es | 

Address Setup Time Ptwsa | 1 | — | — | i | — | — J os [ wetwain 
Address Hold Time | twoa | 2 | — | — | 2 | —[ — [ors | 

Chip Select Setup Time | twses | ot | — | = fot | - | — | | 

Chip Select Hold Time | wwues | 2 | — | — | 1 | —[ — [ors | 

Write Disable Time | ws | ~ | — | 6 | — | —] 6 Joos | 

Write Recovery Time Cee ee ee ee ee ne ee 


e Rise/Fail Time 







Output Rise Time 
Output Fall Time 





e Capacitance 





Test Condition 












Input Capacitance 
Output Capacitance 





@ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 2. Input Pulse 


Test Circiut 


Vcc (GND) 
© 





tr= tf= 2.0ns typ 





O O 
0.01 pF i Vee -2.0V 


R,= 50Q 
C_= 30pF 
( Includes probe and jig capacitance) 
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HM100504 Series 


@ TIMING WAVEFORM 
3. Read Mode 





Address 50% 
taa 
Dout | 50% 





4. Write Mode 


cs 


Address 


Din 
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HM 100500 Series 


262,144-Word x 1-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 


The HM100500CG-18 is ECL 100K compatible, 262,144-word x 
1-bit, read/write random access memory developed for high speed 
systems such as main memories for super computers. 


@ FEATURES 


© 262,144-Word x 1-Bit Organization 
¢ Fully Compatible with 100K ECL Level 


e Address Access Time. ... 0.0... cece eee 18ns (max.) 
e Write Pulse Width... 0.0... ccc eee ees 10ns (min.) 
e Low Power Dissipation ................00 0c eee 500mW (typ.) 


* Output Obtainable by Wired-OR (Open Emitter) 


@ ORDERING INFORMATION 


Package 
24 pin CERDIP 
(DG-24V) 
28 pin LCC 
(CG-28B) 


24 pin Ceramic Flat 
(FG-24A) 

















Not Selected 


Write ‘‘0”’ 
Write ‘‘1” 





NOTES: X = Irrelevant 
*1 = Read Out Noninvert 


@ HITACHI 





Preliminary 


(FG-24A) 


(DG-24V) 


(CG-28B) 
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HM100500 Series 


BLOCK DIAGRAM 


MEMORY 
CELL ARRAY 


255 X 1024 


X-ADDRESS 
DECODER 


SENSE AMP 
and R/W 
CONTROL 


Y-ADDRESS 
DECODER 
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HM100500 Series 


Pin Arrangement 





(FG-24A) (DG-24V) 


1 
2 
3 
4 
5 
6 
7 
8 
9 


(Top View) (Top View) 


(CG-28B) 


AQ DO Vera Vere Vere Win 


roracicy 
ty fat mt oe! 


AD Vaeew Vaes AlU Alb Al2 


(Top View) 
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HM100500 Series 





Absolute Maximum Ratings (Ta = 25°C) 











Item Symbol Rating Unit 
Supply Voltage Vee to Vec +0.5 to -7.0 Vv 
Input Voltage Vin +0.5 to VERB Vv 

Output Current Tout -30 mA 
Storage Temperature -Tstg -65 to +150 °C 
Storage Temperature Tstg (Bias)"! -55 to +125 °C 





Note: *1; UnderBias 


Electrical Characteristics 
DC Characteristics (Vee = -4.5 V, Ri = 502 to -2.0 V, Ta= 0 to +85°C, air flow exceeding 2 m/sec) 
Item Symbol Min (B) Typ Max (A) Unit Test Conditions 
Vou -1025 -955 —880 mV 





Output voltage Vo. -1810  -1715 1620. mv Vin=Viaor Vip 
Vouc —1035 _— — mV ; 
Output Threshold Voltage Voie = ee TOI mV Vin = Ve or Vita 
Vin -1165 _— -880 mV Guaranteed Input Voltage 
Input Voltage BRP, ee ge ton ee I ee 
FE . Vi 1870 a5 nV ~sHigh/Low for All Inputs 
In eed — 220 HA Vin = Vina 
et CS 
Input Current In. 0.5 170 A Wine Vien 
-50 — — Others 
Supply Current 3 -160 — — mA _Alll Inputs and Outputs Open 


AC Characteristics (Ver = -4.5 V + 5%, Ta = 0 to +85°C, air flow exceeding 2 m/sec) 





Read Mode 
Item Symbol Min Typ  CG-!8Max  F-18Max Unit — Test Conditions 
Chip Select Access Time tacs _ _ 18 15 ns 
Chip Select Recovery Time tRCS — — 18 10 ns 
Address Access Time tAA — —_— 18 18 ns 
Write Mode 
Item Symbol Min Typ  CG-18Max  F-18Max Unit — Test Conditions 
Write Pulse Width tw 10 —_ _ ns twsa=2 ns 
Data Setup Time twsD 2 _ _ 
Data Hold Time tWHD 3 _— _ ns 
Address Setup Time twsa 2 _ _ ns w= 10 ns 
Address Hold Time tWHA 3 _ _ ns 
Chip Select Setup Time twscs 2 — _ ns 
Chip Select Hold Time twHcs 3 _ _ ns 
Write Disable Time tws — — 15 10 ns 
Write Recovery Time twR — _ 21 21 ns 
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Rise/Fall Time 

Item Symbol Min Typ Max Unit 

Output Rise Time tr — 2 — ns 

Output Fall Time tf — 2 — ns 

Capacitance 

Item Symbol Min Typ Max Unit 

Input Capacitance Cin — 3 —_ F 

Output Capacitance Cout — — pF 


Test Circult and Waveforms 


Loading Condition 
VeedGND) 


O 
0.01uF ea Vee 


Read Mode 


Write Mode 


Address 


Hitachi America, Ltd. 


Input Pulse 


Cr =30pF (includes 
probe and jig 
capacitance) 
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HM100500 Series 


Test Conditions 


Test Conditions 
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HM1 0051 4 Series ere lminary 


262,144-words x 4-bit Fully Decoded Random Access Memory 


@ DESCRIPTION 

The HM100514 is ECL 100k compatible, 262,144- 
words by 4-bits read/write random access memory 
developed for high speed systems such as scratch 
pads and control/buffer storage. 


Le. 


@ FEATURES (FG-32D) 


© 262,144 x 4-bit organization 

¢ Fully compatible with 100k ECL level 

e Address access time: 15 ns (max.) PIN AN ARCEMENT 
¢ Write pulse width: 9 ns (min.) HM100514 Series 
e Low power dissipation: 800 mW (typ.) 

* Output obtainable by wired-OR (open emitter) 





@ BLOCK DIAGRAM 


Ag Aig Ay Ayo Aig Arg Ais Aig A17 
COO 0 6.000 0 


ae 


omWn Oa fF WwW nH — 


Memory Cell Array 
262144 words x 4 bits 


J 
® 
2 
he 
Q 
—_ 
D 
S 
° 
Oo 
® 
2 
x< 


(Top View) 





© 
Dly DOgDI, DO; Dis DOs Di, DO 
Urge Bae faa ee @ PIN DESCRIPTION 





Pin Name Function 
Ao-A17 Address Input 
Dio-D13 Data Input 

Doo-Do3 Data Output 

WE Write Enable 
cs Chip Select 
Vcc Ground 
VEE Supply Voltage 
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HM100514 Series 


@ TRUTH TABLE 
Input 

a Output Mode 

c | OWE Tf 

i x Not Selected 

L L Write"0" 

L Wate 

L Read 
Notes: X: Irrelevant 

*: Read Out Noninvert 
@ ABSOLUTE MAXIMUM RATING (Ta = 25°C) 
Item Symbol Unit 
Supply Vorage v 
Input Voltage v 
Output Current -30 mA 
Storage Temperature °C 
Storage Temperature Tstg (bias)* —-55 to +125 °C 
Note: 1. Under bias (VEE = 6.0V min.) 
@ ELECTRICAL CHARACTERISTICS 
e DC Characteristics (VEE = -4.5V, RL = 50Q to -2.0V, Tc = 0 to +85°C)2 
Item Symbol Min (B) Max (A) Test Condition 
Sug Waliwe ~1025 ViteAl aman ih 

Vo. | -1810_—[_-1715 1620 ew 
Ouiput Threshold Voltage 1035 | Tm =°=nn vapor Vina 
| voc | — | — | -160 | mv | 
a 

Pipes Current ‘a os | — | 0 | wv | Vin= Vip CS) 
Supply Curren ie 180 | — | | ma [Al Outputs Open 


@ AC CHARACTERISTICS (VEE = -4.5V + 5%, Tc = 0 to +85°C)2 
e Read Mode 
Test Condition 


Select Access Time 


Chip Select Recovery Time 





Address Access Time 
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HM100514 Series 





e Write Mode 

Item | Symbol =[ = Min | Typ Max Test Condition 
Waite Pulse Width Pow as Ps = sa i 
Data Setup Time CES ae (a ee ee el 

Data Hold Time eae Se ae Uc 

Address Setup Time | twsa | 2 ts twetwmiin 

Address Hold Time ae eae ee ee (a 

Chip Select Setup Time pa twee) ee ee 

Chip Select Hold Time Power a fe om 

Write Disable Time ee ee es ee 

Write Recovery Time a Ca (ea RT 


© Rise/Fall Time 







Test Condition 





Output Rise Time 
Output Fall Time 





e Capacitance 





Test Condition 










Input Capacitance 
Output Capacitance 





@ TEST CIRCUIT AND WAVEFORMS 


e Loading Condition ¢ Input Pulse 
Test Circuit 
-0.9V 
Vec (GND) 


-1.7V 





CL 


ty=tr=2.0ns typ 





0.01pF “a R,=500 
ne C_=30pF 
(Includes probe 
and jig capacitance) 
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HM100514 Series 


Address 50% 
taa 
Dout | 50% 


e Read Mode 











e Write Mode 


Cs 


Address 


Din 
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HM100510 Series ——_Peeiiminary 


1,048,576-words x 1-Bit Random Access Memory 


@ DESCRIPTION 


The Hitachi HM100510 is ECL 100k compatible, 
1,048,576 words by 1 bit read/write random access 
memory developed for high speed systems. 


@ FEATURES 

¢ 1,048,576-words x 1 bit organization 

e Fully compatible with 100k ECL level 

¢ 0.8 um Hi-BiCMOS process 

e Address access time: 15 ns (max.) 

e Write pulse width: 9 ns (min.) 

e Low power dissipation: 700 mW (typ.) 

¢ Output obtainable by wired-OR (open emitter) 


@ ORDERING INFORMATION 


Type No. Package 
28 pin Ceramic Flat 
HM100510F-15 15 ns (30 mil Lead Pitch) 
(FG-28DB) 


@ PIN DESCRIPTION 





Pin Name Function 

Ad-A19 Address Input 
DJ Data Input 
Do Data Output 
WE Write Enable 
cs Chip Select 
vcc Ground ; 

(Top View) 
VEE Supply Voltage 
m@ BLOCK DIAGRAM 


Az Aq Ara Ais Ag Aig Ata Ais Ais Ato Art 
G O10 0.0 00:0 C0 oO 


Y—Decoder/Driver 





Memory Cell Array 
104856 words x 1 bits 


X-Decoder/Driver 
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HM100510 Series 


FUNCTION TABLE 
cs | OWET | 
: Nor Selected 
L Write 0° 
L Write“ 
L Read 


Notes: 1. Irrelevant 
2. Read Out Noninvert 


@ ABSOLUTE MAXIMUM RATING (Ta = 25°C) 


Rating Unit 
+0.5 to -7.0 V 
+0.5 to VEE 


Item Symbol 
Supply Voltage VEE to Vcc 
Input Voltage 
mA 
-65 to +150 °C 
—55 to +125 °C 


Output Current 
Storage Temperature. 


(ies 3 
Ww 
oO 
< 


Storage Temperature Tstg (bias)! 
Note: 1. Under bias (VEE = -6.0V min.) 


@ ELECTRICAL CHARACTERISTICS 
e DC Characteristics (VEE = —4.5V, RL = 50Q to -2.0V, Tc = 0 to +85°C) 


Item Symbol Min (B) Max (A) Test Condition 

Guipaevatteae =1025 ~880 Vin = VIHA or VILB 
VOL -1715 1620 

Output Threshold Voltage 2 a Vin = VIHB or VILA 


VoLc oe mV 
VIH -1165 ee —880 mV Guaranteed Input Voltage 
Input Voltage = as 1475 High/Low for All Inputs 


re 
Oo 


HH | | 220 Vin = VIHA 
input Caren ‘i a ae eT Vine Vie ©) 
ee ee Vin = VILB (Others) 
Supply Current IEE En All Outputs Open 


@ AC CHARACTERISTICS (VEE = -4.5V + 5%, Tc = 0 to +85°C) 
e Read Mode 





Unit Test Condition 






: 


Symbol yp Max 















Chip Select Access Time tACS 
tRCS 


tAA 






an n 


Chip Select Recovery Time 


Address Access Time ns 





; 


5 
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HM100510 Series 


e Write Mode 


Item Min Typ Max Test Condition 
Write Pulse Width Pow | oo | ns ts = twa min 
Data Setup Time Pe eee ae ee 

Data Hold Se ae ee ee 

Address Setup Time | wsa | 3 | = | es twetwimin 
Address Hold Time pewHa | 3) {| = | =~ | os | 

Chip Select Setup Time RC a ee ee ee ee 

Chip Select Hold Time i AWHCS i cr eles ef 

Write Disable Time a a a el 

Write Recovery Time a ee ee ee ee 


e Rise/Fall Time 










Item Test Condition 





Output Rise Time 
Output Fall Time 





* Capacitance 


Item Symbol Max Test Condition 
ee eae ee 


Re oot = eae ee pe 


@ AC TEST CONDITION @ INPUT PULSE 


Min 
tr 
tf 
Min 
Input Capacitance Cin 
Output Capacitance 





-1.7V 


tr = tf = 2.0 ns typ. 


RL = 50Q 
CL = 30 pF 


O 
VEE (includes probe and 
jig capacitance) 
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HM100510 Series 


Address AA 50% 
taa 
Dout 50% 


8 TIMING WAVEFORM 
e Read 
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HM101494 Series 


16384-Words x 4-Bit Fully Decoded Random Access Memory 
@ DESCRIPTION 


The HM101494 is ECL 100K compatible, 16384-words by 4-bits 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 


@ FEATURES 


e 16384 x 4 Bit Organization 
© Fully Compatible with 100K ECL Level 


© Address Access Time ............2 00 eee eee 10/12ns (max.) 
e Write Pulse Width ........... 0.00. c cee eee 6/8ns (min.) 
© Low Power Dissipation ...............0.0 eae 750mW (typ.) 


¢ Output Obtainable by Wired-OR (Open Emitter) 
@ ORDERING INFORMATION 





Type No Package 
HM101494-10 10ns 400 mil 28 pin Cerdip 
HM101494-12 12ns (DG-28N) 
HM101494F-10 10ns 28 pin Ceramic Flat 
HM101494F-12 12ns (FG-28D) 





@ BLOCK DIAGRAM 


A7 Ag Ato Ary Ayo Aig 
000 0 0 


C) 
Y—Decoder/Driver 






Ao 
Ai 
A2 
A3 
A4 
A5 
Aé 
As 











Memory Cell Array 
16384 words x 4 bits 


X--Address/Decoder 


Block 1 | Block 2 | Block 3 | Block 4 


Diy DO; Dio DO2Dig DOgDiq DO, 





NOTES: X = Irrelevant; 
* = Read out noninvert 
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HM101494 Series 
@ ABSOLUTE MAXIMUM RATINGS (T, = 25°C) 


Item |___ Symbol |Rating Unit 
Supply Voltage Vv 
Input Voltage V 
Output Current | te 880 mA 
Storage Temperature a es Ce °C 
Storage Temperature °C 


NOTES: 1. Under bias. 
2. Ceramic flat... Tc, Cerdip ... Ta 


@ ELECTRICAL CHARACTERISTICS 


© DC Characteristics (Viz = -5.2V, Ry, = 50M to -2.0V@), T, = 0 to +85°C, air flow exceeding 2m/sec.(2), 
Tc = Oto +85°C) 


Item Symbol Min.(B) Max.(A) | Unit 


ea: Vou ly -v. ov Tens | 0955 | 0880 | mv 
ili a mV 


Via = Vom oF Vata AS tS ar say 
Cuaracd Input Wage | Ou6S_[ | onto [mv 


Output Threshold Voltage 


ee High/Low for All inputs [eis | — | ©1475 
I-A me ORF 

Input Current no [enw op se p= 

Supply Current [tee [AllTnputs and Ouputs Open [10 | — | — [ma 


¢ AC Characteristics (Vee = -5.2V + 5%), T, = 0 to +85°C, air flow exceeding 2m/sec.@), 
Tc = 0to +85°C) 


tacs 


taa 


1. Read Mode 


HM 101494-10 HM 101494- 12 















Chip Select Access Time 
Chip Select Recovery Time 
Address Access Time 











2. Write Mode 

Write Pulse Width | tw _| twsa = twsa min. | ce 
Data Setup Time | twsp SEE ns 
Data Hold Time | twa (2 t-[-}2/-]— | 
Address Setup Time | twsa |tw=twmin, | 2 | ~ | — | 2 | —~| — [as 
Address Hold Time | twHa_| (2 }-1|=-127;-[- | 
Chip Select Setup Time | twscs 2 f=, f2) ns 
Chip Select Hold Time (2 ]-{/-]|2)/-)]— Jo 
Write Disable Time | tws i-~J}=-[6[-|=-) 8 | ss 
Write Recovery Time | twr | [-~}-~j}2]-j-] 6s | 
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HM101494 Series 


3. Rise/Fall Time 








Output Rise Time 
Output Fall Time 










4. Capacitance 





Input Capacitance 





Output Capacitance 


@ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 2. Input Pulse 


Vcc (GND) 
O 








0.01 


O O 
Vee 02.0V 


3. Read Mode 


50% 


50% 
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HM101494 Series 


4. Write Mode 


cs 


Address 


Din 
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HM101490 Series 


65536-Words x 1-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 


The HM101490 is ECL 100K compatible, 65536-words by 1-bit 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 

@ FEATURES 


¢ 65536 x 1 Bit Organization 
¢ Fully Compatible with 100K ECL Level 


© Address Access Time ..... 0.2... eee ee eee eee 10/12ns (max.) 
e Write Pulse Width ............. 0.22. cee eee eee 6/8ns (min.) 
© Low Power Dissipation ....................06- 570mW (typ.) 


© Output Obtainable by Wired-OR (Open Emitter) 
@ ORDERING INFORMATION 


10ns 
12ns 


@ BLOCK DIAGRAM 










Package 


300 mil 22 pin Cerdip 
(DG-22N) 








HM101490-10 
HM101490-12 





Ao Ay A2 Ag Ag Az Ara Ais 
0OO0O00000 0 


Y—Decoder/Driver 






As 
A6 
A7 
As 
Ag 
Ato 
An 
A123 










Memory Cell Array 
65536 words x 4 bits 


X—Address/Decoder 


O 
Din/Dout 


@ HITACHI 








NOTES: X = Irrelevant; 
* = Read out noninvert 
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HM101490 Series 
@ ABSOLUTE MAXIMUM RATINGS (T, = 25°C) 


fem Uni 
Supply Voltage _ 
Input Voltage v 
Output Current me 
Storage Temperature °C 
Storage Temperature °C 


@ ELECTRICAL CHARACTERISTICS 
¢ DC Characteristics (Ve; = -5.2V, Ry = 500 to -2.0V, T, = 0 to +85°C, air flow exceeding 2m/sec.) 


item Uni 
V, 61025 6955 6880 Vv 

OLC 
ae Guaranteed Input Volage [O65 | — | 0880] mv 
ae High/Low for AllInputs | ~igi0 | — | 64475 mv 
eS O07 I RS GP 
Input Curren ie KS a 
Supply Curren igg _[ATnputs and Outputs Open 040 | — | — [ma 


e AC Characteristics (Ve, = -5.2V + 5%, T, = 0 to +85°C, air flow exceeding 2m/sec.) 


HM 101490-10 


1. Read Mode 


Chip Select Access Time tas | 








Chip Select Recovery Time trcs Weg ee | 
Address Access Time | ta [| —_+d 
2. Write Mode 
=e | aoe eT Ton 
Write Pulse Width Tw [wen =tsamin | 6 |-|—| 8 ]—|—|m 
Data Setup Time eee a 
Data Hold Time ee a ae 
Adéress Seup Time el oe ee ee 
Address Hold Time Rae Sse sero ee 
Chip Select Setup Time 22S Ea ee eee 
Chip Seleet Hold Time ee 
Write Disable Time Fete Sees ee 
Write Recovery Time Pal] | 2 | ee 
@ HITACHI 
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HM101490 Series 
3. Rise/Fall Time 































ae [Symbol | TestCondition | Min. | Typ. | Max. 
Output Rise Time Ne tes. ae ee ee eee 
Output Fall Time roars I ee era eo 
4. Capacitance 

[Symbol [Test Condition | Min. | Typ. | Max. 
Input Capacitance Ef 
Output Capacitance = | | 





@ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 


Voc (GND) 





3. Read Mode 


50% 


50% 
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HM1014920 Series 


4. Write Mode 


cs 


Address 


Din 
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HM101504 Series ——________P eiiminary 


65,536-Words x 4-Bit Random Access Memory 


@ DESCRIPTION 

The Hitachi HM101504 is ECL 100k compatible, 
65,536 words by 4 bits read/write random access 
memory developed for high speed systems such as 
cache and control/buffer storage. 


@ FEATURES 

e 65,536-words x 4 bit organization 

Fully compatible with 100k ECL level 

0.8 um Hi-BiCMOS process 

Address access time: 10/12 ns (max.) 

Write pulse width: 7/9 ns (min.) 

Low power dissipation: 500 mW (typ.) 

Output obtainable by wired-OR (open emitter) 


m@ ORDERING INFORMATION 


Type No. Cycle Time Package 
HM101504F-10 10 ns 400 mil 32 pin 
HM101504F-12 12 ns Plastic SOJ (CP-32D) 


m@ PIN DESCRIPTION 





Pin Name Function 
A0-A15 Address Input 
D10-D13 Data Input 
Doo-Do3 Data Output 
WE Write Enable 
cs Chip Select 
Vcc Ground 
VEE Supply Voltage 
@ BLOCK DIAGRAM 


Memory Cell Array 
65536 words x 4 bits 


_ 
50) 
2 
= 
a 
— 
® 
Bo) 
Q 
12) 
® 
2 
x 


O 
Dip DooDi1 Dor Dig Dog Dig Dox 
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HM101504 Series 


@ FUNCTION TABLE 


— — Output Mode 
CS WE 
i Noi Selected 
L Write" 
L Read 
Notes: 1. Irrelevant 
2. Read Out Noninvert 
m@ ABSOLUTE MAXIMUM RATING (Tj = 125°C max) 
Item Unit 
Supply Wohtage v 
input Voltage Vin v 
Output Current fe tigi 2 -30 mA 
Operating Temperature °C 
Storage Temperature °C 
Storage Temperature °C 
Note: 1. Under bias (VEE =-6.0V min.) 


2. Case temperature 


@ ELECTRICAL CHARACTERISTICS 
e DC Characteristics (VEE = —5.2V, RL = 50Q to —2.0V, Tc = 0 to +85°C) 


Item Symbol Min (B) Typ Max (A) Unit Test Condition 
Output Voltage Vou ~1025 


Vin = VIHA Or VILB 


Input Voltage 


Output Threshold Voltage ee =a y Vin = VIHB or VILA 
oe eee | 1610 | mv 


ee eae 


A | Vin= Vita © 
mn All Inputs and 
Outputs Open 


= 
= 


Input Current 


Supply Current IEE | 180 | 


A Vin = VILB (Others) 


| Unit | 
—880 Guaranteed Input Voltage 


m@ AC CHARACTERISTICS (VEE = —5.2V + 5%, Tc = 0 to +85°C) 
e Read Mode 







Test Condition 


Select Access Time 





Chip Select Recovery Time 





Address Access Time 
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HM101504 Series 





¢ Write Mode 
ie yee’ | Min] Typ [Max | Min | Typ sat an 
Write Pulse Width 1 w | 7 {| — | —~ | 9 | — | — | aos _[twsa=twsamin 
Data Setup Time | twwso | 1 | — | — [ 1 | ~| — | os | 
Data Hold Time | twHp {| ot | — | — | 1 | — | — [os | 
Address Setup Time | twsa | ot [| — | — [ 1 [ —] — J os | tw=twmin 
Address Hold Time | twHa | 2 | — | — [| 2 [| — |] — | os | 
Chip Select Setup Time | twscs | 1 | — | — [ 1 | —] — | os | 
Chip Select Hold Time | twucs | ot | — | — [ i | —] — | os | 
Write Disable Time ws | — | — | 6 | — | —J| 6 | ns | 
Write Recovery Time wwe | — | — | 2 | — [—[ 4 | 1s | 


© Rise/Fall Time 


Test Condition 


Output Rise Time 
Output Fall Time 





e Capacitance 


Test Condition 
Input Capacitance 





Output Capacitance 


@ AC TEST CONDITION @ INPUT PULSE 


Voc (GND) 





-1.7V 


tr = tf = 2.0 ns typ. 





0.01pF . ee 
p> * 20 RL = SOW 
CL = 30 pF 
(includes probe and 
jig capacitance) 
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-——_-  — ———_ M10 1504 Series 


Address 50% 
tan 
Dout | 50% 


@ TIMING WAVEFORM 
e Read 








e Write 


oS 50% 





Address 


Din 




















@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 449 





Preliminary 


HM101500 Series 


262144-Words x 1-Bit Fully Decoded Random Access Memory 
@ DESCRIPTION 


HM101500F-15 is ECL 100K compatible, 262144-words by 1-bit, 
read/write random access memory developed for high speed sys- 
tems such as main memories for super computers. 


@ FEATURES 

© 262,144-Words x 1 Bit Organization 

© Fully Compatible with 100K ECL Level (FG-24A) 
e Address Access TiM@......... 00. cece eee eee 15ns (max.) 

e Write Pulse Width .. 0.0.0... eee eee ee eee 10ns (min.) 

¢ Low Power Dissipation .......... 0... cece e ues 500mW (typ.) 


¢ Output Obtainable by Wired-OR (Open Emitter) 
@ TRUTH TABLE 


(CG-28B) 





@ PIN ARRANGEMENT 





NOTES: X = Irrelevant; 
* = Read out noninvert 


@ ORDERING INFORMATION 


Type No. Access Time Package 


HM101500F-15 15 ns 24 pin Ceramic Flat 
HM101500CG-15 15 ns 28 pin Ceramic LCC 


@ BLOCK DIAGRAM 













256 x 1024 


Ag Memory Cell : 
As Array (Top View) 






fee ha 8 
Sense Amp. and 


cs Index A.D, Van.VannV; 
Read/Write Control 0-9-0 “CCI CC2 “CCC Di 





(Top View) 
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HM101500 Series 


@ ABSOLUTE MAXIMUM RATINGS (T, = 25°C) 


fem Uni 
Supply Voge Vv 
Input Voltage Va 050 Vee | 
Output Current ie 800 mA 
Storage Temperature ice eee a 
Storage Temperature Bs 


@ ELECTRICAL CHARACTERISTICS 
e DC Characteristics (Vp; = -5.2V, Ry, = 502 to -2.0V, uch = Oto ee 


in tk 
ee i ener on nV 
Von Yn = Via oF Vie nV 

vane i a ST 

Output Threshold Voltage = Vins or VILA rT | —  [ e160 | mV 
ae | Vin | Guaranteed Input Voltage | ©1165 | — | 6880_| mv 
ee | Vit__| High/Low for All Inputs eis | — | 0475 | mv 
ae ee 

ai aed [a 
We. lpeison ee 

sop Gare a biome PST 


¢ AC Characteristics (Vez = -5.2V + 5%, Tc = Oto +85°C) 
1. Read Mode 




















a fem [_Symbol_[ Test Condition | Min. | Typ._| 
Chip Select Access Time ae ames Gan 
Chip Select Recovery Time | tes | | = | = | 
Address Access Time [a ee eam Ee ea 
2. Write Mode 

fem [Symbol_[ Test Condition | Min. | Typ. | Max. | Uni 
Write Pulse Width ice eg See es 
Data Seup Time ia en ae a 
Data Hold Time os eee ms 
Address Setup Time twa [tw = lms | 2 | — | — | ms 
Address Hold Time | 3 | — [| - | ns 
Chip Select Setup Time Fo 2 f —~ | = | ns 
Chip Select Hold Time | 3 {| — | — | os 
Write Disable Time | tws | ee ee ee ns 
Write Recovery Time | twr | FP — | — [| B | 
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yd} 





HM101500 Series 


3. Rise/Fall Time 













Output Rise Time | = | 

Output Fall Time | = | 
4. Capacitance 

Kem Syntal_[ West Condon Tin 

Input Capacitance a 

Output Capacitance ae 


@ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 


Vec (GND) 
O) 





0.01 pF 


O O 
J Vee 02.0V 


3. Read Mode 


50% 
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50% 


HM101500 Series 


4. Write Mode 


cs 


Address 


Din 
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HM 1 01 51 4 Series ——<$—S SS Proiminary 


262,144-words x 4-Bit Random Access Memory 


@ DESCRIPTION 
The Hitachi HM101514 is ECL 100k compatible, 


262,144 words by 4 bits read/write random access 
memory developed for high speed systems. 


@ FEATURES 


262,144-words x 4 bit organization 

Fully compatible with 100k ECL level 

0.8 4m Hi-BiCMOS process 

Address access time: 15 ns (max.) 

Write pulse width: 9 ns (min.) 

Low power dissipation: 800 mW (typ.) 

Output obtainable by wired-OR (open emitter) 


@ ORDERING INFORMATION 


Cycle Time 


@ PIN DESCRIPTION 














Package 





32 pin Ceramic Flat 
(30 mil Lead Pitch) 
(FG-32D) 


HMIOIS14F-15 


Pin Name Function 

AQ-A17 Address Input 

Dio-D13 Data Input 

Doo-Do3 Data Output 
WE Write Enable 
cS Chip Select 
Vcc Ground 
VEE Supply Voltage 


(Top View) 





m@ BLOCK DIAGRAM 
A3 Aq A13 A14 Ai2 Ag Ag Aio 
O10. OOO" OO: 


ee 


Memory Cell Array 
262144 words x 4 bits 


_ 
@ 
= 
= 
Qo 
fea 
®D 
ue) 
Qo 
[s) 
® 
S 
x< 


Block 1 | Block 2 | Block 3 | Block 4 


5h DO)DI, DO; Dip DO» Diy 50; 
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HM101514 Series 


@ FUNCTION TABLE 


Input 
—=, Mode 
c | We | 
fo Not Seioted 
Eee en Write "0" 
a a SS Write" 
be KE he 2 Dt] Read 


Notes: 1. Irrelevant 
2. Read Out Noninvert 


@ ABSOLUTE MAXIMUM RATING (Ta = 25°C) 


Item Unit 
Supply Voltage Vv 
Input Voltage Vn | OS Ves Vv 
Output Current | out 0 mA 
Storage Temperature *C 
Storage Temperature °C 


Note: 1. Under bias (VEE = -6.0V min.) 


@ ELECTRICAL CHARACTERISTICS 
e DC Characteristics (VEE = —5.2V, RL = 50Q to ~2.0V, Tc = 0 to +85°C) 


Item Symbol Min (B) Max (A) Test Condition 

Output Voltage -1025 Vin = VIHA or VILB 
| Von | 1810 | 1715 

Output Threshold Voltage ~1035 | — | — | mv | Vin = = VIHB or VILA 

ee ee ee ee ee 

ae a Se a 

cd 
a Vin = VIHA 

input Caren a ae a ET | 
0 | = | = A Vin = Vit (Others) 

Sippy Came Ca Cee ea TT 


si 
oN 
X 
oS 
rite 
< 


3 


@ AC CHARACTERISTICS (VEE = -5.2V + 5%, Tc = 0 to +85°C) 
e Read Mode 


Test Condition 


ip Select Access Time 


Chip Select Recovery Time 
Address Access Time 





@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 e (415) 589-8300 455 


HM101514 Series 





¢ Write Mode 

Item Symbol Unit Test Condition 
Write Pulse Width tw. a= tWSA = tWSA min 
Data Setup Time twSD ee. | 


Data Hold tWHD 


| Symbol_| 
| ow | 9 | 
| twwsp | 3 | 
| twHp | 3 
Address Setup Time 
Address Hold Time 
| twscs | 3 
| twHcs | 3 
| tws [| — 
| = 


Chip Select Setup Time twscs ns 
Chip Select Hold Time tWHCS ns 


Write Disable Time tws 
Write Recovery Time tWR 


a 


¢ Rise/Fall Time 





Test Condition 





Output Rise Time 
Output Fall Time 






* Capacitance 





Test Condition 










Input Capacitance 
Output Capacitance 





@ AC TEST CONDITION 


Test Circuit 
Vec (GND) 
ie) 








CL 


yy t= tf = 2.0ns typ 
O O 
S-O1UF pe Vee -2.0V 


Ry, = 50Q 
Cy = 30pF 
(Includes probe and jig capacitance 
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HM101514 Series 


Bi TIMING WAVEFORM 
e Read 





Address 


Dout 





Address 


Din 


Dout 
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HM1 01 51 0 Series SS liminary 


1,048,576-words x 1-Bit Random Access Memory 


@ DESCRIPTION 


The Hitachi HM101510 is ECL 100k compatible, 
1,048,576 words by 1 bit read/write random access 
memory developed for high speed systems. 


@ FEATURES 

1,048,576-words x 1 bit organization 

Fully compatible with 100k ECL level 

0.8 um Hi-BiCMOS process 

Address access time: 15 ns (max.) 

Write pulse width: 9 ns (min.) 

Low power dissipation: 700 mW (typ.) 

Output obtainable by wired-OR (open emitter) 


@ ORDERING INFORMATION 


Access Time 


@ PIN DESCRIPTION 














Package 





32 pin Ceramic Flat 
(30 mil Lead Pitch) 
_(FG-28DB) 


HMI101510F-15 





Pin Name Function 
Ao-A19 Address Input 
DI Data Input 
Do Data Output 
WE Write Enable 
cs Chip Select 
Vcc Ground 
VEE Supply Voltage (Top View) 
@ BLOCK DIAGRAM 


A3 Ag Aya Ais Ag Aig Aro Aig Aig Ato Ais 
0-8 O::0::0" 0 -0:°O-.0--0° 6 


Y—Decoder/Driver 


Memory Cell Array 
104856 words x 1 bits 


o 
2 
~ 
Q 
— 
o 
9 
8 
} 
® 
a 
x 
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HM101510 Series 





@ FUNCTION TABLE 
Input 
— Output Mode 
cs | WE 
H Not Selected 
L Write "0" 
L Write" 7 
L Read 
Notes: 1. Irrelevant 
2. Read Out Noninvert 
@ ABSOLUTE MAXIMUM RATING (Ta = 25°C) 
Item Symbol Unit 
Supply Voltage +0.5 to -7.0 Vv 
Input Voltage Vv 
Output Current —30 mA 
Storage Temperature ~65 to +150 °C 
Storage Temperature Tstg (bias)! —55 to +125 °C 
Note: 1. Under bias (VEE = —6.0V min.) 
@ ELECTRICAL CHARACTERISTICS 
e DC Characteristics (VEE = —5.2V, RL = 50Q to —2.0V, Tc = 0 to +85°C) 
Item Symbol Min (B) Max (A) Test Condition 
ies =1025 eee 
VOL -1810 -1715 ~1620 
Output Threshold Veltage “03s | — | =», -vimor Vina 
| voc {| — | — | -16i0 
ane “i | — [| -880 | mv | Guarani input Vota 
=e [| 145 [mv |B for npr 
Input Curent es ee n= View CS 
P ic 0.5 170 Vin = VILB (CS) 
| so | A Vin = ViLB Others) 
Supply Curren we | 180 | — | — | mA__| _ AllOutputs Open 


@ AC CHARACTERISTICS (VEE =-5.2V + 5%, Tc = 0 to +85°C) 
e Read Mode 
Test Condition 


Select Access Time 


Chip Select Recovery Time 
Address Access Time 
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HM101510 Series 


* Write Mode 

Item Min Typ Max Test Condition 
Write Pulse Width | ow | 9 | — | ~— [ons | twsa=twsamin 
Data Setup Time | ws | 3 | — | — | os | 

Data Hold Swf 3 [= | | 

Address Setup Time Pwsa | 3) — | — | s—«d| tw twmin 
Address Hold Time al a eae a a 

Chip Select Setup Time Tawses | 3 | — | — [= 

Chip Select Hold Time i ie ee ee ee ee 

Write Disable Time Pie hie oe ie 

Write Recovery Time a a a 


e Rise/Fall Time 


Test Condition 


Output Rise Time 
Output Fall Time 





e Capacitance 


Test Condition 


Input Capacitance 
Output Capacitance 





AC TEST CONDITION @ INPUT PULSE 


Voc (GND) 





{ 
' 
! 
tr = tf = 2.0 ns typ. 





Rt = 50Q 
O fe CL = 30 pF 
yey VEE -2.0V (includes probe and 
jig capacitance) 


0.01pF 
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HM101510 Series 


@ TIMING WAVEFORM 
e Read 





Address 


Din 


Dout 
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Section 6 
FIFO Memory 





© HITACHI” 6 


HM63921 Series 


2K x 9-Bit CMOS Parallel In-Out FIFO Memory 
@ DESCRIPTION 


The HM63921 is a First-In, First-Out memory that utilizes a high 
performance static RAM array with internal algorithm that controls, 
monitors and declares status of the memory by empty flag, full flag 
and half-full flag, to prevent data overflow or underflow. 

Expansion logic warrants unlimited expansion capability in width 
and depth. Both read and write are independent from each other and 
their corresponding pointers are designed to select the proper loca- 
tions out of the entire array serially without address information to 
load or unload data. 

Data is toggled in and out of the device through the use of the write 
enable (W) and read enable (R) pins. The device has a read/write 
cycle time of 30/35/45ns. Organization of HM63921 provides a 9-bit 
data bus. the ninth bit could be used for control or parity for error 
checking at the option of the user. The HM63941 is fabricated using 
the Hitachi CMOS 1.3micron technology. The device is available 
in DIP. 


@ FEATURES 


 First-In, First-Out Dual Port Memory 

e 2k x 9 Organization 

¢ Low-Power CMOS 1.3micron Technology 

e Asynchronous and Simultaneous Read and Write 
e Fully Expandable in Depth and/or Width 

¢ Single 5V (+ 10%) Power Supply 

e Empty and Full Warning Flags 


© Half-Full Flag 
© ACCESS TMC oc shee A Se A ioe Ree aie 20/25/35ns 
@:PAaCkKAgGe seni hk eas Ya a 300-mil 28-pin Plastic DIP Package 


@ ORDERING INFORMATION 
Type Name Access Time Package 


HM63921P-20 300-mil 28-pin 
HM63921P-25 Plastic DIP 
HM63921P-35 (DP-28NA) 
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Product Review 





(DP-28NA) 


@ PIN ARRANGEMENT 





omnn Oat OND = 


(Top View) 


m@ PIN DESCRIPTION 





Pin Name Function 
Do-Dg Data Inputs 
RS Reset 

Ww Write Enable 
R Read Enable 
FL First Load 
RT Retransmit 
XI Expansion-In 
XO Expansion-Out 
HF Half-Full Flag 
FF Full Flag 
EF Empty Flag 
a Qo-Qs Data Outputs 








HM63921 Series 
@ BLOCK DIAGRAM 


DO D1 D2 D3 D4 DS Q6 D7 DS 


| Data Input Butter | | Data Input Butter | Buffer 


Read 
| Column Decoder Decoder 


Sacall 


Write Row Merely rey Read 
Pointer Decoder =i | Pointer 


Ponce Decoder 


fra wd wd wa vd vd wa wal 


OO0000000 Logic 


QO Q1 Q2 Q3 Q4 Q5 Q6 Q7 DB 
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HM63921 Series 
@ ABSOLUTE MAXIMUM RATINGS 


ie Uni 
Terminal orgs v 
Power Dissipation se ee W 
Operating Temperature °C 
Storage Temperature °C 
Storage Temperature Under Bias “C 
NOTES: _ 1. Relative to Vss. 
2. -3.5V for pulse width < 10ns. 


¢ Recommended DC Operating Conditions (T, = 0 to +70°C) 







Parameter 


Supply Voltage 


Input Voltage 


NOTE: 1. -3.0V for pulse width < 10ns. 


@ DC CHARACTERISTICS (T, = 0°C to +70°C, Voc = SV + 10%) 


Parameter [Symbot[ Test Conditions| Min. | Typ. | Max. | Uni 
Input Leakage Current Vec = 5.5V, Vin = OV - Vec | — | — | 2 | 
Output Leakage Current | Iol [R= Vin Vor =0V-Veo ss | — | — | 2 | 
P20 [= [20 


Operating Power Supply Current Icc; | Average Operating Current 1-25 | — | 


Screen eoeeaa | -35 | — | 100 | 
R = W = RS = FLIRT = Vy 


| spi | ee ee 
Standby Power Supply Current Al inpus = V0 0.2V of = Veg ae se 
Output High Volige [Vor fiowemA 2 T= | | 
Output Low Voltage 7 ce TSE 


@ CAPACITANCE (T, = 25°C, f = 1MHz) 

Parameter [Symbot_[ Test Conditions| Typ. Max 
Input Capacitance rc a SO 
Output Capacitance Pe. ves0v a me. 


NOTE: 1. This parameter is sampled and not 100% tested. 








<|</5/515 [5/5/51 





@ AC CHARACTERISTICS (T, = 0°C to 70°C, Vcc = 5 + 10%) 
* Test Conditions 


* Input Pulse Levels: Vgs to 3.0V ¢ Input Rise and Fall Times: 5ns 
© Input and Output Timing Reference Level: 1.5V © Output Load: See Figure 


+45V 
4802 


30 pF * 





Output Load 
*Including scope and jig. 
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HM63921 Series 
e Read Cycle 


Parameter 


Read Cycle Time 

Access Time 

Read Recovery Time 

Read Pulse Width 

Read Low to DB Low Z 
Read High to DB High Z 
Data Valid from Read High 


Read Pulse Width After Empty Flag High 


Write High to DB Low Z 
(Read Data Flow Through Mode) 


Es 
fon) 
S 
N 
S 
i] 
i) 


Symbol 


a ts ae 
Ss 312 


- 
m 
NL 


ww 


— 


twiz) 


NOTE: 1. triz, truz and twiz are sampled and not 100% tested. 


e Write Cycle 
Parameter 


Write Cycle Time 
Write Recovery Time 
Write Pulse Width 
Data Setup Time 
Data Hold Time 


Effective Write Pulse Width After 
Full Flag High 


© Reset Cycle 


Parameter 


Reset Cycle Time 
Reset Pulse Width 
Reset Setup Time 
Reset Recovery Time 


* Retransmit Cycle 


Parameter 


Retransmit Cycle Time 
Retransmit Pulse Width 
Retransmit Setup Time 
Retransmit Recovery Time 
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HM63921 Series 


¢ Flag Timing 
ies HM63921-20 | HM63921-25 | HM63921-35 | |, 
Min. [ Max. | Min, | Max. | Min 
Reset to Half-Full Flag High | tun { — | 30 | — | 35 [| — | 45 | ns 
Write High to Empty Flag High | twee {| — | 20 | — | 25 | — | 35 | ns 
Write Low to Half-Full Flag Low | twur | — [| 30 | — | 35 | — | 45 | ns 
Read High to Half-Full Flag High | tear {| — | 30 | — | 35 | — | 45 | os 
e Expansion Timing 
ee HM63921-20 | HM63921-25 | HM63921-35 | | 
| Min. | Max. | Min. | Max. | Min. | Max. 
Expansion in Setup to Write or Read | te. | — | 5 | — | 2 | — | 30 | ns 
Expansion in Recovery Time | ter | — | 6 | — [| 20 | — | 30 | ns 
Expansion in Pulse Width | twur | © | — | 0 | — [ 0 | — | ns 
Expansion Out High Delay From Clock | ter | 10 | ~— | 0 | — | 0 | — | ns 
Expansion Out Low Delay From Clock | ter | 1 | — | 0 | — [| 5 | — | ns 
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HM63921 Series 
SIGNAL DESCRIPTIONS 
Inputs 


* Reset (RS) 
The device is reset whenever R&S input is taken to 
low state, for minimum reset pulse width. When 
device is reset, both read and write pointers are 
set to the first location. A reset cycle is required 
after power on. Both read enable (R) and write 
enable (W) inputs must be in the high state during 
reset. Empty flag (EF) will go low and full flag (FF) 
and half-full (HF) will go high during reset cycle. 


Write enable (W) 

Write cycle is initiated at the falling edge of W, if 
the full flag (FF) is not set, provided that data set- 
up and hold time requirements relative to the ris- 
ing edge of (W) are met. Data is stored in the de- 
vice sequentially and independently of any simul- 
taneous read operation. To inhibit further write op- 
erations and prevent internal data overflow full 
flag (FF) will go low. 


Read enable (R) 

Read cycle is initiated at the falling edge of R, if 
the empty flag (EF) is not set. Data is accessed on 
a first-in, first-out basis independently of simulta- 
neous write operation. As read enable (R) goes 
high, all outputs will return to high impedance 
state, till next read operation. After the last data 
has been read from the FIFO, the empty flag (EF) 
will go low, preventing further read operations with 
output kept in high impedance state. Empty flag 
(EF) will go high during a valid write cycle (twee), 
thereafter a valid read can start. 

First load/retransmit (FL/RT) 

For depth expansion mode, this pin is grounded to 
indicate that it is the first device, while this pin of 
the rest of devices should connect to Vcc for cor- 
rect operation. In single device mode, this pin re- 
sets the read pointer to the beginning of the FIFO 
memory, therefore data can be reread from the 
beginning. Both R and W should be kept high 
while RT is taken low. 


Expansion-in (Xl) _ 
For single device mode expansion-in (Xl) is 
grounded. For_ depth expansion mode, 
expansion-in (XI) should be connected to 
expansion-out (XO) of previous device. 


¢ Data In (Do to Dg) 
Data inputs for 9-bit wide data. 


Outputs 


¢ Full Flag (FF) 
The full flag (FF) will go low when FIFO is full, 
inhibiting further write operations until one or 
more read operations are completed or the FIFO 
is reset. 

¢ Empty flag (EF) 
The empty flag (EF) will go low when the FIFO 
becomes empty, inhibiting further read opera- 


tions, until one or more write operations are com- 
pleted, or FIFO is set to retransmit. 


Expansion-out (XO)/Half-full flag (HF) 

This output has dual functionality depending how 
it is used. In depth expansion configuration 
expansion-out (XO) is connected_to next 
expansion- in (XI). The expansion-out (XO) of the 
last FIFO is connected to the expansion-in (XI) of 
the first FIFO. In this way the first FIFO indicates 
the next FIFO that it will receive the next data. In 
like manner, any FIFO which becomes full will indi- 
cate the next FIFO that it will receive the next data. 
The second function of this output is in stand 
alone and/or parallel expansion configurations to 
indicate the system user that the FIFO is almost 
full. 


¢ Data outputs (Qo to Qs) 
Data outputs for 9-bit wide data. These outputs 
are in high impedance state when R is in high 
state. 


VARIOUS OPERATIONS MODE 


¢ Single device mode As 
If only one FIFO is used, the expansion-in (XI) pin 
should be grounded. 


e Width expansion mode 

Width expansion by 9-bit increments may be 
achieved when separately paralleling the data in- 
puts and the data outputs. In this configuration 
any flags of any device may be used. To avoid 
output contention of the flags for short periods of 
time, the flag outputs should not be wired to- 
gether. 


¢ Depth expansion mode 

Multiple of FIFOs could provide multiple of 2k x 9 

as (N) x (2k) by 9-bits wide, where N is the num- 

ber of FIFOs connected in depth expansion 

mode. . 

The following arrangement must be provided. 

1. First load (FL) of the first FIFO should be con- 
nected to ground. 

2. All other (FL) should be connected to Voc. 

3. Connect the expansion-out (XO) of each FIFO 
to expansion-in (XI) of the next FIFO serially 
and XO of the last FIFO to XI of the first FIFO. 

4. Connect all the empty flag (EF) together to OR 
gate and connect all the full flag (FF) together to 
OR gate to obtain two separate valid empty flag 
(EF) and full flag (FF) outputs. 

5. (RT) and (AF) will not be available in this mode. 

© Compound expansion mode 

Combination of width and depth expansion 

modes will provide larger FIFO arrays. 
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HM63921 Series 


@ TIMING WAVEFORM 
e Read Cycle 





© Write Cycle 


=| 





D0—-D8 


e Reset Cycle 


RW teFL 
ws aa 

tFFH 
ae HFH 
XO/HF 


NOTES: 1. W =R = Vin during reset. 
2. trsc = test, trsr. 
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HM63921 Series 


¢ Retransmit Cycle 


First Read 





¢ Empty-Flag Cycle (From Last Read to First Write) 


Last Read First Read Additional First Read 
aw, 
R 


ta 
ta L 


ter 
: = 
napa ‘az 


a OK KX <8. 
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HM63921 Series 





® Half-Full Flag Cycle 


Write=Read+1023 Write=Read+1024 Write=Read+1023 


=| 


ee) | 


DO-D8 





¢ Read Data Flow Through Mode 


DO~D8 | Data in valid | 
— twew 
W 
a ae First write tRPE 
1. trpw tar Last read 


aa read EE SSS 


tWeF 
EF 


twiz 


Dl 


toH 


Q0-a8 Se Se PN 
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HM63921 Series 
¢ Write Data Flow Through Mode 


R First read 


twe 
twPF 


Last read SN N eo read 


DO-D8 Data in valid 
OX EEXD 


Q0-Q8 valid /\ 


=| 


at 
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¢ Expansion Out Cycle 1 








Write to last 
oes physical address 
W 
Read from last 
= physical address 
R j 
XO ) §§ 
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HM63921 Series 


¢ Expansion Out Cycle 2 (Read Data Flow Through Mode) 
Write to last physical address 
Ww 
Read from last 
physical address 


aa! 
—_ 
eer ieee 

' a ie 


© Expansion Out Cycle 3 (Write Data Flow Through Mode) 


| 


5 Read from last physical address 
Write to last 
physical address 


= od 
W a ee: 
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HM63921 Series 


e Expansion In Cycle 


txy t 















XI 
Write to first 
—_ physical address 
W 
Read from first 
physical address 
R 
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HM63941 Series 


4K x 9-Bit CMOS Parallel In-Out FIFO Memory 


@ DESCRIPTION 


The HM63941 is a First-In, First-Out memory that utilizes a high 
performance static RAM array with Internal algorithm that controls, 
monitors and declares status of the memory by empty flag, full flag 
and almost-full flag, to prevent data overflow or underflow. 

Expansion logic warrants unlimited expansion capability in width 
and depth. Both read and write are Independent from each other and 
their corresponding pointers are designed to select the proper loca- 
tlons out of the entire array serially without address information to 
load or unload data. 

Data is toggled in and out of the device through the use of the write 
enable (W) and read enable (R) pins. The device has a read/write 
cycle time of 35/45/60ns. Organization of HM63941 provides a 9-bit 
data bus. the ninth bit could be used for control or parity for error 
checking at the option of the user. The HM63941 is fabricated using 
the Hitachi CMOS 1.3micron technology. The device is available 
in DIP. 


@ FEATURES 


e First-In, First-Out Dual Port Memory 

¢ 4k x 9 Organization 

* Low-Power CMOS 1.3micron Technology 

e Asynchronous and Simultaneous Read and Write 

¢ Fully Expandable in Depth and/or Width 

© Single 5V (+ 10%) Power Supply 

¢ Empty and Full Warning Flags 

¢ Almost-Full Flag 

# ACCESS TIMG ica bedi ee de Ves een kee Ew deus 25/35/45ns 
© PACKAQS Ss ibe is fsn wi 0,5 Markee we heeee etd ee wa 28-pin DIP Package 


@ ORDERING INFORMATION 


Access Time 


25ns 
35ns 
45ns 











Type Name 


HM63941P-25 
HM63941P-35 
HM63941P-45 


Package 






28-pin Plastic DIP 
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Preliminary 





(DP-28NA) 


@ PIN ARRANGEMENT 





ODOOn oath DAN = 


(Top View) 


@ PIN DESCRIPTION 


Pin Name 
Do-Dg 


|) SI SI} Zl = <I 2 


XO 
AF 
FF 
EF 
Qo-Qz 


Function 
Data inputs 
Reset 
Write enable 
Read enable 
First load 
Retransmit 
Expansion-in 
Expansion-out 
Almost-full flag 
Full flag 
Empty flag 
Data outputs 





HM63941 Series 





@ ABSOLUTE MAXIMUM RATINGS 


lem Unit 
Terminal Votuage™ Vv 
Power Dissipation er W 
Operating Temperature °C 
Storage Temperature °C 
Storage Temperature Under Bias 2C 


NOTES: 1. Relative to Vss. 
2. -3.5V for pulse width < 10ns. 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to +70°C) 






Parameter 


Supply Voltage 







Input Voltage 


NOTE: 1. -3.0V for pulse width < 10ns. 


@ DC CHARACTERISTICS (T, = 0°C to +70°C, Voc = 5V + 10%) 


Parameter Symbol Test Conditions | Min. | Typ. 
Input Leakage Current cc = 5.5V, Vin = OV - Voc | — | — | 


= Vin» Vout = OV - Vcc 


Vv 
Output Leakage Current IILol | R 


Operating Power Supply Current 


Standby Power Supply Current 
Output High Voltage 


oman aaa Vo, [op =8mA Ci | 





Parameter 
Input Capacitance 
Output Capacitance 





@ AC CHARACTERISTICS (T, = 0°C to 70°C, Vcc = 5 + 10%) 


¢ Test Conditions 


© Input Pulse Levels: Vgg to 3.0V ¢ Input Rise and Fall Times: Sns 
* Input and Output Timing Reference Level: 1.5V ¢ Output Load: See Figure 


+5 V 
4800 


30 pF * 





Output Load 
*Including scope and jig. 
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HM63941 Series 


¢ Read Cycle 
nes HM63941-25 HM63941-35 HM63941-45 | 
| Min. | Max. | Min. | Max. | | Min. | Max. | 
Read Cycle Time Pee [3s [= ps P- | @ [- [os 
Access Time Pa | - | s > ses ~- ps Ts 
Read Recovery Time Pee [| oO [| - [ew f- [se p- [e 
Read Pulse Width View | 28 | — | 3 | — | 8 | — | os 
Read Low to DB Low Z iz | 3 p-~s | - | o | — [os 
Read High to DB High Z Pte | — |e [= pe [= [as [os 
Data Valid from Read High tos [3 = Ps P= sp - [es 
© Write Cycle 
ey <A 
| Min. | Max. Min. Max. | Min. | Max. 
Write Recovery Time twr ee SEE se — 15 eet ns 


e Reset Cycle 











aoe HM63941-25 
arameter ym 
Min. 
Reset Cycle Time 
Reset Pulse Width | tes | 25 | 
Reset Recovery Time | terse | 10 | 


e Retransmit Cycle 





HM63941 -35 HM63941-45 


Parameter - 
Min. Max. Min. Max. 













Retransmit Cycle Time 
Retransmit Pulse Width 
Retransmit Recovery Time 


¢ Flag Timing 

Parameter Symbol Mee puNeaa Lan Unit 

"Min [Max | Min. [| Max. | Min. [ Max. | 

Reset to Empty Flag Low a a Oe 
Read Low to Empty Flag Low | ter | — | 25 | — | 35 | — | | m 
Read High to Full Flag High | tare | — | 25 | — | 38 | — | 43 | m 
Write High to Empty Flag High | twer | — | 25 | — | 38 | — | 43 | m 
Write Low to Full Flag Low ee ee ee ee 
Write Low to Almost-Full Low | twr | — | 39 | — | 40 | — | 55 | ns 
Read High to Almost-Full High tear | — | 30 | — | 40 | — | 55 | ns 
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HM63941 Serles 
SIGNAL DESCRIPTIONS 
Inputs 


Reset (RS) 
The device is reset whenever RS input is taken to 
low state, for minimum reset pulse width. When 
device is reset, both read and write pointers are 
set to the first location. A reset cycle is required 
after power on. Both read enable (R) and write 
enable (W) inputs must be in the high state during 
reset. Empty flag (EF) will go low and full flag (FF) 
and almost-full (AF) will go high during reset cycle. 


Write enable (W) _ 
Write cycle is initiated at the falling edge of W, if 
the full flag (FF) is not set, provided that data set- 
up and hold time requirements relative to the ris- 
ing edge of (W) are met. Data is stored in the de- 
vice sequentially and independently of any simul- 
taneous read operation. To inhibit further write op- 
erations and prevent internal data overflow full 
flag (FF) will go low. 


Read enable (R) _ 
Read cycle is initiated at the falling edge of R, if 
the empty flag (EF) is not set. Data is accessed on 
a first-in, first-out basis independently of simulta- 
neous write operation. As read enable (R) goes 
high, all outputs will return to high impedance 
State, till next read operation. After the last data 
has been read from the FIFO, the empty flag (EF) 
will go low, preventing further read operations with 
Fa dak kept in high impedance state. Empty flag 
(EF) will go high during a valid write cycle (twer), 
thereafter a valid read can start. 


First load/retransmit (FL/RT) 

For depth expansion mode, this pin is grounded to 
indicate that it is the first device, while this pin of 
the rest of devices should connect to Vcc for cor- 
rect operation. In single device mode, this pin re- 
sets the read pointer to the beginning of the FIFO 
memory, therefore data can be reread from the 
beginning. Both R and W should be kept high 
while RT is taken low. 

Expansion-in (Xl) = 
For single device mode expansion-in (XI) is 
grounded. For depth expansion mode, 
expansion-in (Xl) should be connected to 
expansion-out (XO) of previous device. 


¢ Data In (Do to Dg) 
Data inputs for 9-bit wide data. 


Outputs 


¢ Full Flag (FF) 
The full flag (FF) will go low when FIFO is full, 
inhibiting further write operations until one or 
more read operations are completed or the FIFO 
is reset. 

¢ Empty flag (EF) 
The empty flag (EF) will go low when the FIFO 
becomes empty, inhibiting further read opera- 





tions, until one or more write operations are com- 
pleted, or FIFO is set to retransmit. 


¢ Expansion-out (XO)/Almost-full flag (AF) 

This output has dual functionality depending how 
it is used. In ae expansion configuration 
expansion-out (XO) is connected to next 
expansion-in (Xl). The expansion-out (XO) of the 
last FIFO is connected to the expansion-in (XI) of 
the first FIFO. In this way the first FIFO indicates 
the next FIFO that it will receive the next data. In 
like manner, any FIFO which becomes full will indi- 
cate the next FIFO that it will receive the next data. 
The second function of this output is in stand 
alone and/or parallel expansion configurations to 
indicate the system user that the FIFO is almost 
full. 


© Data outputs (Qo to Qa) 
Data outputs for 9-bit wide data. These outputs 
are in high impedance state when R is in high 
state. 


VARIOUS OPERATIONS MODE 


¢ Single device mode 
If only one FIFO is used, the expansion-in (Xl) pin 
should be grounded. 


e Width expansion mode 

Width expansion by 9-bit increments may be 
achieved when separately paralleling the data in- 
puts and the data outputs. In this configuration 
any flags of any device may be used. To avoid 
output contention of the flags for short periods of 
time, the flag outputs should not be wired to- 
gether. 


¢ Depth expansion mode 
Multiple of FIFOs could provide multiple of 4k x 9 
as (N) x (4k) by 9-bits wide, where N is the num- 
ber of FIFOs connected in depth expansion 
mode. 


The following arrangement must be provided. 

1. First load (FL) of the first FIFO should be con- 
nected to ground. 

2. All other (FL) should be connected to Voc. 

3. Connect the expansion-out (XO) of each FIFO 
to expansion-in (XI) of the_next FIFO serially 
and XO of the last FIFO to XI! of the first FIFO. 

4. Connect all the empty flag (EF) together to OR 
gate and connect all the full flag (FF) together to 
OR gate to obtain two separate valid empty flag 
(EF) and full flag (FF) outputs. 

5. (RT) and (AF) will not be available in this mode. 

¢ Compound expansion mode 

Combination of width and depth expansion 

modes will provide larger FIFO arrays. 
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HM63941 Series 





@ TIMING WAVEFORM 
Read Cycle 


Di 


Q0-Q8 





e Write Cycle 





Ww 
tos tbH 
DO-D8 | Data in valid | Data in valid 


e Reset Cycle 


a trs 

' — 
WwW 

EF 


NOTES: 1. W=R = Vin during reset. 
2. trsc = test, tRsr. 
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HM63941 Series 


¢ Retransmit Cycle 


tr 


coal ai 
mm rm 
trTR 


° Full-Flag Cycle (From Last Write to First Read) 


Last write First Read Additional reads First Read 





¢ Full-Flag Cycle (Effective Write Pulse Width After FF High) 


R 


tRFF 


twew 
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HM63941 Series 





¢ Empty-Flag Cycie (From Last Write to First Read) 


Last Read First Write Additional First Read 
" ae mies 
R 


ther 
. in 


ta 


Data Out 4 he. £e OO 


e Empty-Flag Cycle (Effective Read Pulse Width After EF High) 


Ww 
tWEF 
<_< 
EF 
tRew 
R 


¢ Almost-Full Flag Cycle 


Write=Read+4079 Write=Read+4080 Write=Read+4079 


Ww 





© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 (415) 589-8300 483 





484 


NOTES 


NOTES 


485 





Hitachi America, Ltd. 


SEMICONDUCTOR & 1.C. DIVISION 


Hitachi America, Ltd. 
Semiconductor & |.C. Division 
Hitachi Plaza 

2000 Sierra Point Parkway 
Brisbane, CA 94005-1819 
Telephone: 415-589-8300 
Telex: 17-1581 

Twx: 910-338-2103 

FAX: 415-583-4207 





REGIONAL OFFICES 


TELECOM REGION 


Hitachi America, Ltd. 
325 Columbia Turnpike 
Suite 203 

Florham Park, NJ 07932 
201/514-2100 


NORTHEAST REGION 


Hitachi America, Ltd. 
77 South Bedford Street 
Burlington, MA 01803 
617/229-2150 


NORTH CENTRAL REGION 
Hitachi America, Ltd. 

500 Park Boulevard, Suite 415 
Itasca, IL 60143 


NORTHWEST REGION 


Hitachi America, Ltd. 
1900 McCarthy Boulevard 
Suite 310 

Milpitas, CA 95035 
408/954-8100 


SOUTH CENTRAL REGION 
Hitachi America, Ltd. 

Two Lincoln Centre, Suite 865 
5420 LBJ Freeway 

Dallas, TX 75240 
214/991-4510 


SOUTHWEST REGION 


Hitachi America, Ltd. 
2030 Main Street 


SOUTHEAST REGION 


Hitachi America, Ltd. 

401 Harrison Oaks Boulevard 
Suite 100 

Cary, NC 27513 
919/677-0160 


AUTOMOTIVE REGION 


Hitachi America, Ltd. 
330 Town Center Drive 
Suite 311 

Dearborn, Mi 48126 
313/271-4410 





708/773-4864 Suite 450 
Irvine, CA 92714 
714/553-8500 
DISTRICT OFFICES 


Hitachi America, Ltd. 

3800 W. 80th Street, Suite 1050 
Bloomington, MN 55431 
612/896-3444 


Hitachi America, Ltd. 

21 Old Main Street, Suite 104 
Fishkill, NY 12524 
914/897-3000 


486 


Hitachi America, Ltd. 

6161 Savoy Drive, Suite 850 
Houston, TX 77036 
713/974-0534 


Hitachi (Canadian) Ltd. 
320 March Road, Suite 602 


Kanata, Ontario, Canada K2K 2E3 


613/591-1990 


@ HITACHI® 


Hitachi America, Ltd. 

4901 N.W. 17th Way, Suite 302 
Fort Lauderdale, FL. 33309 
305/491-6154 


© HITACHI’ 


Our Standards Set Standards 


Hitachi America, Ltd. 

Semiconductor & |.C. Division 

Hitachi Plaza 

2000 Sierra Point Parkway, Brisbane, CA 94005-1819 
4-415-589-8300 


391/25M/GI/LP/RD 
Order Number: M12T014 


